Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



V-^- 



* •' , 



'V 



• \ . 









A COLLECTION 



OP 



CAMBRIDGE MATHEMATICAL 



EXAMINATION PAPERS; 



AS GIVEN AT THE SEVERAL COLLEGES. 



By J. M. F. WRIGHT, B. A. 

AUTHOR OF SELF EXAMINATIONS IN ALGEBRA, 

&c. &c» &c. 



PART IL 

CONTAINING PAPERS IN THE BRANCHES OF 
THE MIXED MATHEMATICS. 



CAMBRIDGE: 
PUBLISHED BY W. P. GRANT, 

AND SOLD BY WHITTAKER, TREACHER, & ARNOTT, 

AND SIMPKIN & MARSHALL, 
LONDON. 



1831. 



<^. \ » \ 



570520 

A!?TOR, LENOX A WO 



Hansaeo, PriD(er» 

Paternoitrr Row« 

liondon. 



MECHANICS, 



TRINITY COLLEGE, May 1822. 

1 . If three forces acting together on a particle of matter pro- 
duce no motion in it, and three straight lines be drawn making, 
with the directions of those forces, the same angle respectively, and 
each meeting the other two : then shall the sides of the triangle 
thus fonned be proportional to the quantities of the respective 
forces. 

2. Find generally the conditions of equilibrium on the inclined 
plane. 

3. What force must be exerted to sustain a ton weigl^t on a 
screw^ the thread of which makes 150 turns in the course of 12 
inches, and which is acted on by an arm 6 feet long ? 

4. If P sustains FT on an isosceles wedge, and the wedge be 
put slightly into motion ; prove that 

the velocity of P : that of ^ : : W : P. 

5. Explain the construction of the steel-yard. 

6. In the system of pullies in which every string is attached to 
the weight, find the relation between the power and the weight. 

7. Find the centre of gravity of any number of heavy particles 
placed in the same straight line. 

8. If a body be suspended by any point it will not remain at 
rest unless itscentre of gravity is in a vertical straight line drawn 
through that point. 

9. The centres of two balls A and B move along the same straight 
)ine with the velocities a and 6. Find the velocity of each after 
impact, when 6 A = oB, a = 7 feet in a second, 4a + 56 = 0, and 
force of elasticity \ force of compression ; : 2 ; 3. 

FART II. - B 



2 EXAMINATION PAPERS [Triflitif 

10. In uniformly accelerated motion^ the whole space from rest 
is 'proportional to the square of the whole time of motion. 

11. The time of falling down an inclined plane of given height 
is proportional to its length. 

12. Twelve pounds' weight is so distributed at the extremities of 
a cord passing over a pulley^ that the more loaded end descends 
through seven feet in as many hours. What weight is at each end 
of the cord ? 

13. Given the direction^ and velocity of projection; find the 
range on the horizontal plane^ the time of flighty and the greatest 
height attained by the projectile. 

14. Find the length of a pendulum that will oscillate seconds; 
and of one that will oscillate four times in a second. 



TRINITY COLLEGE, 1824. 

1. Explain what is meant by the moment of a force, and shew 
that the moment of the resultant of two forces is equal to the sum 
of the moments of the components, taken with their proper signs. 

2. If three forces, represented in quantity and direction by the 
three sides of a triangle taken in order, act upon a point, they will 
be in equilibrium ; prove this, by resolving the forces in the direction 
of rectangular co-ordinates. 

3. If « and at, fi and jS', y and y, be the angles which two 
forces make with three rectangular axes respectively, and be the 
angle which they make with each other, then 

CO8.0 ssi cos.» cos.«' 4- cos.jS cos.|S'+ cos.y oos.y^ 

4. A rod of given weight and length, has a moveable weight 
attached to it, and is placed with one end against a vertical wall, 
and the other upon a horizontal plane; find the position of the 
moveable weight, when a given sustaining force is just sufficient to 
prevent the rod from sliding when in a given position. 

5. If / be the length of the arm of a balance, d the distance of 

the centres of suspension and gravity, P the load in each scale, and 

W the weight of the beam, then the sensihiUty of the balance is 

/ 
as J/op 1. w\ ^ *"^ ^'* stability as rf(2P + W), 
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Coll. 1824.] IN MECHANICS. 3 

6. When wheels act bj teeth working in one another, the force 
of one upon the other will remain constant, if the line which is 
drawn perpendicular to the surfaces of both the teeth at the point 
of contact, pass continually through the same point of the line which 
joins the centres of the wheels. 

?• Investigate the conditions of equilibrium upon the screw. 

8. A uniform beam AB of given weight, is moveable round a 
hinge at A, and is kept in a given position by a weight P acting 
by means of a string passing over a pulley at C, and attached to the 
beam at B ; find the weight P, when the points A and C are in the 
same vertical line. 

9. Investigate the differential expressions for the co-ordinates of 
the centre of gravity of a plane curvilinear surface. 

10. When a body, or system of bodies is in equilibrium, its 
centre of gravity is at the highest or lowest points; prove this 
principle, and apply it ta determine the conditions of equilibrium of 
two bodies connected by a string, and supported upon a double 
inclined plane. 

11. A rod of given length rests with one end upon the concave 
surface of an inverted paraboloid, and passes over a point which is in 
its focus : find the positions in which it rests. 

12. A rectangular plane surface A BCD, is moveable round a 
point at A, and rests against a point at J? ; from the requisite data> 
to find the pressure on B> 

13. Find the centre of gravity of a frustum of a cone. 

14. If ^ communicate velocity to B^ through a number of other 
bodies which are geometric means between A and B, find the limit 
to which the velocity of B will continually approach when the 
number of means is continually increased, the bodies being perfectly 
elastic. 

15. Investigate the following equations, where v is the velocity, 
t the time> sihe space, and /the accelerating force : 

16. Two unilateral triangles are placed with their bases at a 
given distance from each other upon the same 'horizontal line, amd a 

B 2 



4 EXAMINATION PAPERS [7Vtnt'/y 

non-elastic body falls down the side of the firsts along the space 
between the ISases and up the side of the second triangle, the vertex 
of which it just reaches ; given the side of the first triangle^ to find 
that of the second, and likewise the whole time of the motion. 

17. P draws up Q by means of a single moveable pulley, when 
the strings are parallel : find the force accelerating F's descent. 

18. The time down a small arc of a circle to the extremity of a 
vertical diameter is less than the time down the chord. 

1 9. To find the line of quickest descent from a given point to a 
given inclined plane, and the time of describing it. 

20. A body rolls along the curve of an inverted cycloid, descend- 
ing from the highest point ; find the pressure upon the curve at the 
lowest point. 

21 • Two bodies, A and B, are projected at the same time from 
the same point with velocities a and b, one verticaUy, and the other 
at an angle of 30® ; find the path described by their centre of gravity. 

22. If perfectly elastic balls be let fall from the directrix ei a 
parabola whose axis is vertical, and be reflected from the curve, it is 
required to find, 

( 1 ). The locus of the vertices of the parabolse described. 

(2). The locus of the extreme ranges upon the tangents at 
the points of incidence of the reflecting curve. 



TRINITY COLLEGE, 1825. 

1. If the sides a, b,c* n of a polygon represent the magnitudes 
and directions of (n) forces, which keep a point at rest, prove that 
n' = a2_|,52^^« ^,,, — 2(a5cos.fl, 6 + «c cos.fl, c 4- ^c cos.6, <; + •••). 

2. (1). Two forces which act in different planes cannot have a 
resultant. 

(2). Given the magnitudes and directions of three forces 
acting in different planes upon a point ; find the magnitude 
and Erection of the resultant. 



ColL 1825.] IN MBCHANICS. 5 

3. A given weight is supported on two given props which stand 
at a known distance from each other on a horizontal plane, and 
which are prevented from sliding, hy means of a cord connecting their 
lower extremities ; required the tension of the cord. 

4-. Any numher of parallel forces, and the co-ordinates of their 
points of application heing given, to determine the co-ordinates of 
the centre of the forces. 

5. A given force heing applied at a point P within a tetrahedron, 
it is required to decompose it into four others applied at the angular 
points A, By C, D ; and thence to prove, that if the lines drawn 
from these points through P meet the opposite faces in a, b, c, d 
respectively 

Aa'^ Bb'^ Cc'^ Dd 

6. Shew that in any polygon, the sum of the squares* of the 
distances of the centre of gravity from the angular points is the least 
possible. 

7. Find the centre of gravity of a given frustum of a paraboloid, 

8. Required the solidity of tlie greatest cone of given diameter 
which can be supported pn a plane whose inclination is 30^ ; and 
find the highest point in the slant side where a weight may be placed 
without overturning it. 

9. A given beam of uniform thickness and density is supported 
on two planes of known inclination^ to find the position in which it 
will rest. 

10. (1). When a system is in equilibrium, the centre of gravity 
is the highest or the lowest possible : hence, 

(2). Determine the position in which two given beams of 
uniform density will rest, when they are placed on a horizontal 
plane with their lower extremities opposed to each other, and 
their other extremities supported on two parallel vertical planes. 

11. In toothed wheels, the moment of P about the centre of the 
first wheel is to the moment of W about the centre of the second 
wheel, as the perpendiculars from the centres of the wheels upon the 
line of direction of their mutual action. 

12. A homogeneous elliptical spheroid rests on its smaller end. 



6 EXAMINATION PAPERS [Trinity 

in a concave hemisphere ; to find what the radius of the hemisphere 
mute he that the equilibrium may be stable. 

13. (1)* Does the force of friction observe any known law? Is 
the quantity of friction affected by an increase of velocity^ or 
by the extent of the surfaces that are in contact ? 

Explain how friction may be measured^ and mention the 
chief contrivances that are employed to diminish it. 

(2). Prove that the friction of a rope^ which is wound round 
a cylinder^ increases in geometrical progression^ while the num- 
ber of turns increases in arithmetical progression. 

14. Two bodies P and Q are connected by a string passing over 
a fixed pulley ; P descends vertically^ and draws Q along the hori- 
zontal plane ; find the space described and the velocity acquired by 
Pinr. 

15. If a body be projected vertically upwards or downw.ards with 
a velocity (u), and be acted upon by a constant force (/), prove that 

16. The axis of an equilateral hirperbola being vertical^ prove 
that the times of descent from the extremities of the axis to any 
point in the curve are equal. 

17* (1 ). The position of a ball on a triangular billiard table being 
given ; it is required to shew that there are three directions^ in 
any one of which^ if the ball be struck^ it will pursue con- 
tinually the same path after being twice reflected from each of 
the sides. 

(2). Find the position of the ball^ and the direction in which 
it must be struck so that it may pursue continually the same 
path after being once reflected from each side. 

18. A shell being discharged at a given angle^ the sound of its 
explosion was heard at the mortar, f after the discharge ; required 
the horizontal range. 

19. Let ^, P be two points in the same vertical plane, join A, P 
meeting in Q an inverted cycloid AQB, whose base AB is part of 
the horizontal line AX; join QB, parallel to which draw the 
line PC meeting AX in C: then AC is the base of an inverted 



CoU. 1826.] IN MECHANICS. 7 

cydoid^ through which a body will pass from A to P in tha shortest 
time possible. 

20. PQ is a vertical line terminating in a hard horizontal plane 
at Q ; a perfectly elastic ball being dropped from P meets another 
perfectly elastic ball rebounding with a known velocity from Q, and 
both are reflected back ^ to find where they must meet^ in order that 
they may thus rebound from one another continually. 

21. A body is projected from a given point with a given 
velocity ; to find the direction that it may just touch a given plane. 

22. From what height must a perfectly elastic ball be dropped 
on the convex surface of a given hemisphere^ so that after reflection 
it may describe the greatest possible horizontal range ? 

23. Prove that the oscillations caused by the addition of a small 
weight to either scale of a balance are isochronous ; and show that 
the isochronous pendulum is equal to the diameter of the circle which 
passes through the fulcrum^ and the points of suspension. 



TRINITY COLLEGE, 1826. 

1 . What are the objects of the science of Mechanics ? 

2. What are the properties attributed to matter in this science ? 
Show the fallacy of the reasoning by which it has been attempted to 
prove that infinite divisibility is essential to matter. 

3. What is weight ? Under what limitation may it be taken as a 
measure of mass ? 

4. What kind of machine is an oar ? 

5. How is a wedge shown to be a species of inclined plane } 

6. What is the relation of the power and weight in the second 
system of puUies, where the same string passes round .them all ? 

7. What is the most eflective direction for the power on an in- 
dined plane ? 

8. In what case will a body of a given form be supported, or fall, 
on a horizontal surface ? 

9. Find the centre of gravity of a plane triangle. 

10. Show that the times of falluig down all chords of a circle^ to 
the lowest point are the same. 

1 1. Investigate the curve described by a projectile in vacuo. 
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12. A hollow parabolic conoid being placed with its vertex down* 
wardfl^ find a point at a given height from whence a perfectly elastic 
ball being let fall> shall after one rebound hit the vertex. 



TRINITY COLLEGE, 1827. 

« 

1. If three forces acting on a point keep one another at rest, any 
two are to one another inversely as the sines of the angles which 
their directions make with that of the third force* 

2. Find the proportion between the power and the weight in the 
screw. 

S. Prove the principle of virtual velocities in the case of the 
lever. 

4. A body rests with its base on a horizontal plane ; to find when 
it will be supported. 

5. To find the centre of gravity of any curvilineal area. 

6. If a heavy body be suspended from any point, it can only be at 
rest when its centre of gravity is the highest or lowest possible. 
Point out the difierent nature of the equilibrium in thesei two 
cases. 

7. State the three laws of motion and the evidence on which 
they rest. 

8. Prove that * = "^^ and v' = 2fs. 

9. Determine the velocities after impact of two elastic bodies im- 
pinging directly on each other with given velocities. 

10. Prove that the curve described by a projectile is a parabola^ 
and that the velocity at any point is that acquired by falling from 
the directrix. 

11. Find the direction in which a body must be projected from a 
given point with a given velocity, so as to hit a given mark : and 
shew that there are two difierent directions which will solve the 
problem. Also find the time of fiight, and the greatest altitude of the 
projectile above the horizontal plane. 
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12. The velocity acquired in falling down a system* of inclined 
planes on the supposition that no velocity is lost in passing from one 
to another is equal to that acquired in falling down the perpendicular 
height of the system. How is this proposition to he extended to the 
case of a curve surface ^ 



TRINITY COLLEGE, 1827. 

1. If the resultant hoth of the forces p and m, and also ofp and 
n he in the direction of the diagonals of the parallelograms, the sides 
of which are proportional to these forces ; then will this also he true 
for the resultant of the forces p and w + «. 

2. A point in the vertex of a right-angled triangle is solicited hy 
a numher of forces represented in magnitude and direction hy lines 
drawn to equidistant points in the hase ; required the magnitude and 
direction of the resultant. 

3. Given the magnitudes of three forces acting on a point, and 
not in the same plane, prove that the resultant is the diagonal of a 
parallelopiped of which these are the edges ; also find its magnitude 
and the angles which it makes with the components. 

4. If two parallel forces act in opposite directions, determine the 
magnitude and point of application of the resultant. What will he 
the result in the case whefi the two forces are equal) 

5. A heam of wood of given weight rests with one end on the 
ground, and with the other on an inclined plane ; what is the force 
necessary to prevent the plane from moving ? 

6. AC, CB are the equal arms of a straight lever whose fulcrum 
is C: to Ca heavy arm CD is fixed perpendicular to AB. Prove 
that when different weights are suspended from the extremity A, the 
tangents of the inclinations of CD to the vertical will he proportional 
to the weights. 

7. Find the centres of gravity 

(1). Of a triangle, the density of which in every part is as Its 
distance from the hase. 

(2). Of the area of the logarithmic curve intercepted hetweei; 
two ordinates. 
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8. Two heavy spheres^ of given dimensions^ are placed in a holloiv 
hemispherical hasin. Determine their position of equilibrium. 

9. If two parallel forces act in the same direction on the opposite 
angles A and C of the parallelogram ABCD, and a third force act 
on the point B in the direction of the diagonal BD ; find the mag- 
nitude and point of application of a fourth force which will keep the 
parallelogram at rest* 

10. In what direction must a ball be prqjected along the interior 
of a hollow spherical superficies^ so that it may pass through a given 
point ? the ball being supposed to be without weight* 

11. A number of balls of given weight are projected at the samp 
instant in given directions with given velocities ; find the height of 
their common centre of gravity after a given time^ and the highest 
point to which it will rise. 

12. Water is to be raised in a bucket from a well of ^ven depth 
by means of a given we^ht hanging over a fixed pulley. What 
weight of water must be raised each time> so that the greatest pos- 
sible quantity may be raised in twelve hours ? 

13. P draws Q up a groove cut out in an inclined plane; find 
the velocity of Q at any point, the angle which the string makes 
with the plane varying at every point. 

14. OA and OB are the vertical and horizontal radii of a circle ; 
it is required to find a point C in the quadrant ^^ to which if a 
tangent be drawn meeting the radius OB produced in D, and a line 
touching the circle at A in the point E, the time down DE + 
time of moving along EA with the acquired velocity may be a 
minimum. 

15. From the highest point A of the vertical diameter ^jB of a 
circle, draw the line of quickest descent to the cissoid of which B is 
the origin and AB the axis. 

16. A and B are two balls of given elasticity ; what must be the 
magnitude of a third ball, that the velocity conununicated from A to 
B by the intervention of this ball, may equal that communicated im- 
mediately from A to B} Determine also the limits within which the 
problem is possible. 

17. Two balls are projected at the same instant from two given 
points in a horizontal plane, and in opposite directions^ so as to de-* 



ColL 1828.] IN MECHANICS, II 

scribe the same parabola. What must be their relative magnitude, 
and their elasticity, so vthat after impact oue of them may return 
through the same path as before, and the other descend in a right 
line? 

18. A body moves in a cycloid the plane of which is inclined to 
the horizon at a given angle; find the time of an oscillation, and the 
point where the velocity perpendicular to the horizon is a maximum. 



TRINITY COLLEGE, May 1828. 

1 . If two weights acting perpendicularly upon a lever on oppo^ 
site sides of the fulcrum, have their distances from the centre in- 
versely as their weights, they will balance each other. 

2. Enumerate the definitions and axioms which are requisite in 
the proof of the preceding proposition. 

3. Four weights, 1, S, 7, 5, are at equal distances on a straight 
lever. How far £rom each is the fulcrum on which they will 
balance? 

4. In the system of puUies in which the same string passes round 
all the wheels, what is the proportion of the power and weight ? 

5. Explain its construction that all the wheels may revolve in the 
same time. [White's Pully.] 

6. Explain any contrivance by which a reciprocating motion 
upwards and downwards may be converted into a continued circular 
motion. 

7. What is the use of a jly'tvheel ? How would the defect be 
perceived of its being too heavy or too light ? 

8. Explain and prove the second law of motion. Show from it 
tliat a projectile will describe a parabola. 

9. On what assumptions can the thv^l law of. motion be deduced 
from the second ? Are these assumptions allowable ? 

10. Explain the principal peculiarities in the different mechani- 
cal agents or first movers which we can employ: grai)Uy, water, atr, 
heat, animal strength* 
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TRINITY COLLEGE, May 1828. 

1 . Assuming that the resultant of two forces is in the direction 
of the diagonal of the parallelogram^ show that its magnitude is pro- 
portional to the diagonal. 

2. If a piece of wood be dropped into a running stream, show 
' that it can never accurately acquire the velocity of the stream. 

S« If three forces keep a point at rest, they are each inversely as 
the sine of the angle contained by the other two. 

In the last question let the angles be 135*, 120®, lOS"": what is 
the proportion of the forces ? 

4. In rowing, suppose the oar to be 12 feet long : the handle 
moves forward with the velocity of 1 1 feet, the extremity of the 
blade moves backward with a velocity of 1 foot ; the row-lock is 2 J 
feet from the handle. Compare the pull of the rowers with the force 
exerted against the water by the boat. 

5. . In the annexed system of puUies, compare 
P and W. 

In this system of pullies, show that 
P: fV :: W*8 velocity : P's velocity. 

6. Out of a square, a triangle is to be cut, 
having one side for its base, so that the centre 
of gravity of the remaining portion may be at 
its vertex. 

7. The sum of the products of each particle 
into the square of its distance from the centre 
of gravity, is less than the same sum for any 
other point. 

8. If in a two- wheeled carriage the centre of gravity be before 
and below the axle-tree, compare the pressure on the horse on a hori- 
zontal, ascending and descending road. 

9. On the inclined plane what is the relation between the force 
and weight in the case of equilibrium ? 

In this case if friction be ^ of the pressure, what are the limits 
within which the power may vary without having the equilibrium 
destroyed ? 
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1 0. Two unequal spheres of the same material are placed together 
in a hemispherical bowl ; find the position of their points of contact 
with the bowL 

] ]. Any number of forces being given> to reduce them to two 
sets of forces^ one set being in a given plane^ and the other perpen- 
dicular to it. 

12. A regular tetrahedron A BCD is acted on by forces in the 
directions of its edges> viz. AB, AC, AD, BC, CD, DB : reduce 
these forces to two> and show that the reduction to one is im- 
possible. 

13. Find the centre of gravity of a figure bounded by the arc of 
a parabola^ its directrix, and two lines parallel to the axis. 

14. Four beams of equal length and weight are placed so as to 
form a regular roof: having given their position^ find the pressure in 
the direction of each^ and the weight which will be supported at each 
angle. 

15. An umbrella has eight straight ribs : supposing the ends of 
these to be connected by strings, compare the force which pushes the 
slider along the stick with the force which stretches these strings. 

16. A picture suspended by means of a string fastened to two 
points in its upper edge and passing over a nail, hangs askew : has it 
a tendency to slip to or from the horizontal position, and what fric- 
tion on the nail will resist this tendency ? 

17. Prove the expressions * = ijl^, v^ = 2/>. 

18. If a body fall through a distance a at two different places, 
and if the time of falling at one of them be ^' lessj and the velocity 
acquired m feet greater than at the other, compare the force of gravity 
at the two places. 

19. In an inverted parabola the time of descending down any 
chord from a point P to the lowest point is equal to the time of de- 
scending vertically to a horizontal line which is at a distance below 
the vertex equal to the latus rectum. 

20* A perfectly elastic body is projected from a point in an in- 
clined plane : a being the angle at which it must be projected so that 
after striking the plane it may be reflected vertically upwards, 

S tan. I 4- cot. i 
tan.dt ^ • 
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21. A beam is I foot square: a string is wrapped 3 times sound 
it, and hangs 3 feet below the beam with a weight at its end : what 
horizontal velocity must be given the weight that it may entirely 
unwrap the. string ? 

22. The time of falling down any portion of a cydoidal arc is 



9 /4fl. 



f where a is the radius of the generating circle, and 6 the 



angle obtained by describing a circle on the original abscissa and cut« 
ting off an arc of it by a horizontal line passing throu^ the place of 
the body. 

23» If the ends of a bow be always at the same distance from the 
middle, and the string always equally stretched, show that the time 
of the arrow coming up to the bow is the same, hop^ever far the 
bow be drawn. 

TRINITY COLLEGE, Junk 1829. 

1 . Enumerate the various kinds of levers* 

2. Explain the constructions of the common steel-yard, and of 
the weighing machine used at toll-houses. 

3. What contrivances are used to convey rotatory motion with a 
change of direction ? 

4. Describe the various kinds of crank used in machinery. 

5. What are the circumstances under which force is required to 
be applied in printing ? How is the purpose effected in the Stanhope 
Press } 

6. Describe the contrivances used to produce parallel motion in 
machines^ and assign the proper relation between the parts in con- 
nexion. 

7. Describe the construction of a roof with a tye-beam, king- 
post, and queen-post. What are the uses of these ? 

8. What is the supposition made in the comn^on theory of the 
arch ? How does it appear to be insufficient ? 

9. Explain the method of finding the positioi} of die centre of 
gravity of any number of given oonjaected material points. Apply it 
to find that of a triangular lamina of uniform thickness. 
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10. Explain the method of indivisibles^ and show that^ when in- 
cautiously used^ it may lead to erroneous results in questions like the 
last. 

11. In the direct impact of two perfectly inelastic bodies A and 
B, estimating the effects in the direction of A'f^ motion^ 

A'\' B : A : : relative velocity : velocity gained by B, 

12. If chords be drawn in a circle from the extremity of that 
diameter which is vertical, the velocities which bodies acquire by 
falling down them are proportional to their lengths^ and the times 
of descent are equal. 



TRINITY COLLEGE, June 1829. 

1. Assuming that when two forces, acting simultaneously on a 
point, are equal, the direction of the third force which balances them 
bisects the angle between the directions of those two forces, prove 
in general that the force which balances two other forces is repre- 
sented, in direction and in magnitude, by the diagonal of the paral- 
lelogram, the two adjacent sides of which represents the individual 
foices. 

2. Define the term '^ moment of a force :" and prove that the 
sum of the moments of any number of forces, acting on a point, is 
equal to the moment of their resultant. « 

3. How does the force requisite to draw a carriage wheel over 
a small obstacle vary, supposing the weight of the carriage supported 
on the axis of the wheel ? 

4. Explain the principle of the graduation in the common and 
in the Danish Steelyard. 

5. Determine the ratio of the power to the weight in the first 
system of pullies, including the weights of the blocks. 

6. A mass of a given weight being placed on an inclined plane 
determine from the requisite data, 

(1). the force which will just prevent it from sliding downwards, 
(2). that which just set it in motion upwards. 
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7* Investigate the conditions of equilibrium in the wedge, and 
show what mechanical advantage is gained by using that instrument 
as it is commonly employed. 

8.. Prove that the altitude of the centre of gravity of any pyra- 
mid is one fourth of that of the pyramid itself^ the base being sup- 
posed horizontal. 

9. A given weight Q hanging ove^ a pulley balances another 
weight P resting at any point of a curved surface ; required the 
form of the surface. 

10. Find the equation to the catenary between x and s, begin- 
ning at the lowest point 

1 1 . Describe briefly the experiments made by Attwood^ with the 
machine invented by him^ to verify the laws of motion. 

12. Distinguish between accelerating force and moving force. 

13. Explain the proposition or axiom: Reaction is equal and 
opposite to action. 

14. In the collision of two masses A and B, having an elasticity 
which is to perfect elasticity as 1 — t ' ^, determine the velocities 
after impact, and the vis viva lost. 

15. Investigate the equations of motion^ 

ds ^ dv 

16. A mass P hanging over a pulley draws another Q horizon- 
tally along a plane surface. The friction of Q being -th of the 
pressure^ determine the accelerating force on P. 

17. A material point being projected in vacuo with a given ve- 
locity in a given direction^ determine^ 

(1). Its place at the expiration of any given time from the be- 
ginning of its motion ; 

(2). The nature of the path which it describes. 

18. When a mass is projected directly upwards or downwards 
from a given point with a given velocity^ the equation from which 
the time of its reaching any given height is to be determined^ being 
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a quadratic equation^ gives two values for the time. Explain these 
in all the different (»ses. 

19. Determine ihe*time of oscillation in a cycloidal arc. 

20. Explain .the contrivance used by dock makers to assimilate 
the motion of a common pendulum to that, of a cycloidal one. 

21. A pendulum^ which should beat seconds^ is found to lose 10'^ 
a day. Determine the quantity by which it should be lengthened 
or shortened. 

22. Explain the principle of the mercurial compensation pendu*' 
lum. 



TRINITY COLLEGE, May 1830. 

1 . If two forces acting at any angles on the arms of any lever 
are inversely as the perpendiculars ^rom the fulcrum upon their direc- 
tions, they will balance each other. 

2. Show how to graduate the common steel-yard. 

S. Describe Smeaton's system of pullies, and mention its peculiar 
advantages. 

4. Required the ratio of the moment of P to the moment of W 
in toothed-wheels. 

5. If the equilibrium in the single moveable pully with strings 
not parallel be disturbed in a small degree, P's velocity will be to 
W'sfksWtoP. 

6. Find the centre of gravity of any number of bodies P, P', P", 
&c. considered as points in the same straight line. 

7. From the first and second laws of motion, infer what the effect 
will be of communicating to any mass given velocities in two dif- 
ferent directions at the same instant. 

8: If impact take place bfetween two imperfectly elastic bodies 
moving in the same straight line, the momentum gained by one, will 
be equal to that lost by the other. 

9. In what manner are velocity and momentum, accelerative 
force and moving force, numerically estimated ? 

10. Prove that if the accelerative force be constant. 

v=ft, and,*=-^- 
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1 1 . The lime of a small osciUation ia a dtcular arc is very nearly 
independent of the extent of the oscillation. 

12. What ia the principle of the dead heat scapement, by which 
the oscillations of a clock pendulum are maintained^ without destroy- 
ing the isdchronism ? 



TRINITY COLLEGE, May 1830. 

^ 1. It three forces keep a point at rest, they are each directly as 
the sine of the angle contained by the other two. 

2. Without assuming the properties of the lever, determine the 
quantity and direction of a single force, equivalent to two parallel 
forces; (I) when they act in the same direction ; (2) when they act 
in opposite directions. 

3. When four parallel forces, consisting of two couples of equal 
and opposite forces, act in the same plane on any system, and keep 
it at rest, the couples tend to twist in opposite ways, and the distance 
between the lines in which the forces of each couple act, is inrersely 
proportional to the magnitude of the forces. 

4. Required the proportion of the power to the resistance in the 
"Wedge. 

5. Having given the dimensions of a cone placed with its base 
resting on an inclined plane, and the ratio of friction to the pressure, 
determine whether, upon gradually increasing the inclination of the 
plane, the cone will tumble or slide. 

6. When a weight is supported on an inclined plane, by means 
of another with which it is connected by a string passing over a fixed 
puUy, if a small motion be given to the system, the centre of gravity 
of the weights will neither ascend nor descend* 

7. Given the magnitudes and directions of two forces, P, Q, act- 
ing at the extremities of a rigid rod AB ; required the magnitude, 
direction, and point of application of a single force R, which will just 
counteract the other two. 

8. If any number of forces P, P', P", &c. acting on any rigid 
body in the same plane, keep it at rest, and from any point in that 
plane perpendiculars p, p', p'\ &c, be v let fall on their directions, 
then will 

Pp + P'p' + P'y + &c. = 0. 
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9. Prove the principle of virtual veloeities by means of Lagrange's 
priiiciple of puUies, 

10. Apply the prineiple of virtual velocities to find the position 
of rest of a uniform beam of given lengthy pressing with its extremity 
gainst a vertical wall> and leaning on a prop situated at a given dis- 
tance from the wall. 

1 1. Find the centre of gravity of any curvilinear body. 

1 2. Enunciate Guldinus's Properties, and by means of them find 
the centres of gravity of a semi-circular area, and a semi-circular arc. 

13. If any area revolve round an axis, lying in its plane^ and 
dividing it into any two parts, the difference between the solids gene- 
rated by the parts, will be equal to the whole area multiplied by the 
patb of its centre of gravity. 

14. A chain of given weight fv and given length /, is suspended 
between two fixed points in the same horizontal line, distant from 
each other by a ; supposing / — a to be very smaH compared with /, 
and the form of the chain to be nearly a circular Brc, an approximate 
value of the tension at the lowest point is 



fva 



V (>(/ - a) 



15. Show from the common thebvy of the arch> that if the height 
of an arch be great compared with its span, it requires a great weight 
at its crown, to maintain the equilibrium. What is the reason that 
this result of the common theory, which neglects friction, accords 
with what is the case in practice ? 

16. The direction and velocity of the motion of the centre of 
gravity of two bodies, is not altered by their impact. 

17. Required the range and time of flight of a body projected with 
a given velocity in a given direction, at the foot of a plane inclined at 
a given angle to the horizon. 

18. Prove that when a body oscillating in a cycloid, receives 
a sudden accession of velocity at a certain point, before arriving at 
the lowest point, the time of its oscillation is as much diminished, as 
it would be increased, if the body received an equal accession of 
velocity at the same distance from the lowest point, after leaving it. 

19. Obtain a» series for the* time of oscillation in a circle. 

c 2 
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20. Define the moment of inertia of a revolving system^ and prove 
the following proposition: the moment of inertia of any system^ 
with respect to any given axis, is equal to the moment about an axis 
parallel to this, passing through the centre of gravity, plus the 
moment of the whole body (collected in its centre of gravity) about 
the given axis. 

21. The centre of suspension and oscillation are reciprocal. 

22. Two equal cylinders, connected together by a string, which 
winds round both and passes over a fixed pulley, are suffered to 
descend vertically by unrolling from the string ; it is required to find 
the accelerative force of each, and the tension of the string. 

23. A point moving in any manner in space, has its position with 
respect to a fixed point determined at a tiiQe t, by the co-ordinates 
^f ^9 ^9 &nd it is acted upon by the forces X, Y, Z, in the directions 
of X, y, 2, respectively ; shew that 

^-y ^-%- '-% 

In the proof make it appear that these equations have become 
known in consequence of observation at the Earth's surface of the 
fact, that gravity communicates the same velocity in the same time 
in the direction in which it acts, to any body, moving in any direc- 
tion whatever anii with any velocity. 



St. JOHN'S COLLEGE, June 1821. 

1 . In a system of pulleys where each string is fixed to the weight, 
and the strings are parallel, shew that fr=(2" — 1)P. If the 
weight of the pulleys be taken into the account, is the mechanical 
advantage increased or diminished ? 

2. AC, BC are two inclined planes meeting a horizontal plane 
at the same point C Having given the inclination of the planes, 
and the length of BC, find the point A such that a body descending 
down AC may just ascend to the top of the plane CB. 

3. A person ascending in a balloon, lets fall a stone when at a 
given height. Find the time (/) of the stone's reaching the ground, 
supposing the velocity of the balloon at the given altitude known ; 
and explain the meaning of the negative value of (t). 
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4. The compressing force is to the force of dasticity : : 3 : L 
At what angle must such a body be incident of a hard plane> that 
the angle between the directions before and after impact m^y be a 
right angle. 

5. APCi AWB are two eqnal quadrants connected at A and 
haying their planes vertical^ P and JV are two we^hts connected by 
a string passing over a pulley at A, the string AP passes along the 
curve through a groove while W hangs freely. Having given the 
position of P, find the position of W when there is an equilibrium* 

6. A circle has chords drawn from the extremity of its diameter 
which is at right angles to a horizontal plane. Find that chord 
down which an imperfectly elastic body descending and reflected by 
the horizontal plane may describe the greatest horizontal range^ and 
knowing tbe degree of elasticity^ find the range* 

7* A string, having its extremities fixed to the end of a cylindricai 
bar of uniform density wjiose weight is known, passes over four 
tacks so as to form with the bar a regular hexagon, the bar being 
horizontal. Find the tension of the string, and the vertical pressure 
on each tack. 

8. A beam AB o£ given length and weight, rests with one end 
on a given inclined plane, and the other attached to a string AFP 
passing over a pulley at F given in position. Knowing the weight 
P fixed to the other end of the string, find the position in which the 
beam rests. 

9. ^VB is a cycloid with its axis DF vertical, and vertex F 
downwards, EOF parallel to the base, and bisecting the axes in O. 
At E and F are two vertical hard planes. Show that a body de- 
scending from E with the velocity acquired in falling down a vertical 
space equal to EO, will by being reflected at F and E continually 
describe the same path ; and find the interval between its lei^vihg JEl 
and returning to it. 

10. A body suspended by a string oscillates on an inclined plane 
through a semicircle whose diameter is horizontal ; find the tension 
of the string at any point, and the law of its variation at any point 
for different inclinations of the plane. 

11. Shew how the following equations for determining the 
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xjiotion pf a hody acted on bf a coostant force are derived 

and ex^in what each of the letters Sy T, V, F, represent. 

12. If the interior of two circles which touch internally be taken 
awayi and the reeiainder vibrate edgeways round an a^s passing 
through the point of contact^ find the centre of oscillation. 

13. A body descends down the arc of a parabola^ whose plane is 
verticid and axes horizontal^ and is acted upon by gravity and a re- 
pulsive force tending from the focus which varies as r-r; — — . Find 

(dist.)* 

the velocity at any point. 

. 14. If a body describe from rest any part of a curve AU on an 
inclined plane^ the velocity at B will equal the velocity acquired in 
falling through a vertical space equal to the perpendicular depth 
of B below A, and the time of describing ^jB on the plane : time of 
describing AB (were the plane vertical) :: V(sine inclination) 
: radius. 

15. If any weights A, B, C, act upon a machine, and put it in 
motion, and x, y, z be the spaces described in the direction of gravity, 
fl, hy c the actual velocities of the weights, m = 16^ feet, then 

4m{ /4jr 4- 5j^ + Cz) = il«« + ^6« + CV. 

16. Apply the above proposition to find the greatest angular 
velocity that can be acquired by the lever ACB whose arms CA, CB 
are equal and at right angles to each other, CA being at first 
horizontal, and the density of the arms varying us the distance 
from C. 

St. JOHN'S COLLEGE, May 30, 1822. 

1. If two weights balance each other on a straight lever in one 
position of the lever, they will balance in all positions. How far is 
this true of a bent lever } 

2. There are n weights a, b, c, &c. in geometric progression, and 
(a) placed at ^ one extremity of a lever balances ( b ) placed at B, 
the other extremity. Prove that a weight = the n — 1 first 
weights if p.aeed at A will balance a weight = the w — 1 last 
weights at B. 
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3. In the annexed sjftem the stringi are 
parallel, tbe pulleys A and B are fixed, and 
n, E,F aie moveable. Find the ratio of 
J* ; W, and the pressures at,^, £, C, when 
there is an equilibrium. 

4. Given that the distknce rf the oentre 
of graTtty of a cone from the vertex is |thl 
of the axis, find the centre ^ gravity <^ a 
conic frustum, tbe rftdii of nhose boaes are 
R and r, and altitude k. 

5. P and W are weigbtB fixed to the 
ends of a given circular arc, Vrhich is placed 
with its plane vertiral on B plane inclined 
to the horizon at an angle (()■ Shew (Jut it will rest with the 
chord parallel to the plane, when 

P : W :■. a — h tan.9 ; a + 6 ten-fl ; 
(a) being the rine and (h) the versed une of half the ate. 

6. ADB is a semicircle, AB tbe diameter, DC the sine of SD. 
An inelastic body moving unifonnly along AD, impinges on the 
plane CD ; prove that it will move uniformly along DC, and that 
the time along DC will vary as tan.^D. 

7. Define unifonn force, and prove that the space described from 
rest by a body acted on by an uniform force varies as the square of 
the time ; and point out in the proof where it is assumed that the 
force is uniform, and that the space is reckoned from the beginning 
of the motion. 

8. The sides AB, CD of a billiard table are parallel, and an 
imperfectly elastic ball struck from a point C in one side. Impinges 
at £ in the other, and is reflected to D in the first side. Shew that 
time along CE ; time along ED ; ', force of elasticity ; force of 
compression. 

9. With what weight must a ^ven weight P be connected by a 
atring pasung over a single fixed pulley, so as to describe the same 
space in a given time as when it descends freely down a given 
Inclined plane f • 

10. BDC a a semi-cycloid with the axis vl C vertical ; FDE, CE 
are tangents at D and C Find D, so that the time down FE + 
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time along EC with the velocity acquired down FE may be a 
minimum. 

11. If an inelastic body move uniformly along one side of a 
regular polygon^ shew that it will continue to describe the other 
sides uniformly^ but with velocities decreasing in geometric pro- 
gression; and^ in Ae case of a hexagon^ shew that the time of 
describing the first side : time of describing the last : : 1 : 32. 

12. If a body be projected up a plane AC inclined at 4f5^ to the 
horizon with the velocity acquired in falling down a vertical space 
= AC, find the range AD on the horizontal plane passing through 
the pdint A, Determine also the time between its leaving the point 
of projection^ and meeting the horizontal plane. 

13. When W is raised by P in the wheel and axle^ find the 
pressure on the axis^ neglecting the inertia of the machine. 

14f. If two bodies whose weights are as 2 : 3^ oscillate one in a 
semicircle^ and the other in a cycloid, the whole tensions of the two 
strings at any given inclination of them to the horizon will be equal; 
the motion in each case beginning from the highest point. 

15. The' points A, B, C, &c. are taken equidistant from each 
other in the vertical line AS. A body half elastic, beginning its 
descent from A, impinges on a perfectly hard horizontal plane at B, 
and in its ^second descent against another at C, and so on. Find the 
space described between the (n — l)th, and nth rebouudsj and the 
time of describing it. 

16. ABy CD are two vertical planes, BD is horizontal. A per- 
fectly elastic ball projected from A is reflected by the planes CD 
and BD to A, Find BD ; having given AB, and the velocity and 
direction of projection. 

17. Two equal bodies begin their descent at the same instant 
down a plane inclined at 30® to the horizontal plane, and in direc- 
tions perpendicular to the common section of the two planes. One 
of them after descending half way is reflected by a perfectly elastic 
plane inclined at 45** to its course. Find the nature and dimensions 
of the path traced out by their common centre of gravity. 

18. In a system of (n) equal wheels and axles, where W is raised 
by a power applied at the circumference of the first wheel ; find the 
force accelerating fF, and the tension of the string to which W is 
attached ; w being the weight of each wheel with its axle, d the 
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distance of the centre of gyration from the axis^ and r : I the ratio 
of the radii of each wheel and axle. 

19. AB\& the diameter of a circle^ C the centre^ CD perpendi« 
cular to the plane of the circle^ which yibrates ahout an axis passing 
through D parallel to AB. Find the centre o£ oscillation. 

20. Supposing the above circle to move parallel to itself^ with its 
centre in the line CDy and thus generate a solid ; find the locus of 
A and By that every section of the solid perpendicular to CD, may 
oscillate in the same time as a pendulum whose length is (J), the axis 
of suspension remaining the same. 



St. JOHN'S COLLEGE, 1824. 

1 . Explain how the densities and magnitudes of bodies, and the 
quantity of matter they contain, are numerically expressed, and from 
thence deduce the equation, which shows the relation subsisting 
between them. 

2. From what experiments is it inferred, that when the same 
force is impressed upon different bodies, it communicates to them 
velocities, which are inversely proportional to their quantities of 
matter, and how do you reconcile this law with the fact, that the 
force of gravity, which is every where the same, communicates the 
same velocity to bodies of different magnitudes ? 

3. Action and re-action are equal, and in opposite directions. 
Explain fully what is meant by action, and what by re-action, and 
illustrate your explanation by stating the experiment, which in 
Wood's Mechanics is advanced as a proof of this law. 

4. AC and BD are two beams, whose weights are given, move- 
able in a vertical plane about the fixed points A and B, BD rests 
upon ^C as a prop. Find the position of equilibrium. 

5. An imperfectly elastic body descending vertically from rest, 
meets an horizontal plane, which is moving uniformly in an opposite 
direction ; having given the distance between the plane and the body 
at first, and the degree of elasticity, find what must be the velocity 
of the plane, so that the body may return to the point, from which 
it fell. 

6. If perpendiculars be drawn from any number of bodies to a. 
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given plane^ the sum of tbe products of each bodj^ multiplied by its 
perpendicular distance from the plane^ is equal to the product of the 
sum of all the bodies multiplied by the perpendicuhy: distance of 
thdr common centre of gravity horn the plsme* 

7. Having given the height and the breadth of a house^ find the 
equation^ from which may be determined sudi an elevation of its 
tooi, that a body, beginning to descend from its summit, may fall 
upon the ground at the greatest possible distance from the bottom of 
the house. 

8. Explain what is meant by a state of stable and <>f unstable 
equilibrium, and supposing a semi-ellipsoid to rest upon its vertex^ 
wh:it must be the ratio between its major and minor axes, that it 
may just rest in a state of stable equilibrium ? 

9. S and S' are two centres of force varying as j^. — r;^, and their 

intensities are equal. A body begins to descend from a point, which 
is at an equal distance from them both. Find its path and velocity 
at any point. 

10. Suppose (as in the previous question) that the distance of the 
point, from which the body begins to fall, had been at an inconsider- 
able distance from the straight line joining S and S*, find the time of 
the body's oscillation. 

11. To find the centre of oscillation of a cube, vibrating about an 
axis coincident with one of its edges. 

12. A solid of revolution stands with its axis vertical. An elastic 
string, whose weight is given, having its two ends connected to- 
gether, and thus forming a kind of flexible ring, is thrown over it, 
and being acted upon by gravity, descends till it rests in an horizon- 
tal position* Find its position of equilibrium, and shew also what 
must be the nahire of the curve, that it may rest at all altitudes. 



St. JOHN'S COLLEGE, May 1825. 

1. Construct the common balance, and shew that if («) be the 
angle at which the arms are inclined, and that P and Q when in 
equilibrium sustain the lever at an angle 6 with the horLpon, 

'"^•^ =" pTq • ^'-2 
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3* An «p[»z«iit ponnd weight is weighed at each end of a false 
halaaoe ; the whole when exwniaed is found to contain '2^ Ihs. Re- 
quired the ratio <^ the arms. 

3. A given triangle without weight rests hodjBoaitally on three 
props ^beed at its angular poinis ; find a point in it from which^ if 
a given weight be suspended^ the pressures on the three props may be 
in a given ratio to each other. 

4. P and W are supported on a wheel and axle, P by a string 
passing round the wheel, W by a moveable pulley whose strings are 
parallel, one of which> as P descends, winds on the wheel and the 
other o!ff the axle. Required the ratio of P to FT in case of equiH- 
brinm, and point out the advantage of this system* 

5. Find the ratio of P to W in the single moveable pulley; and if 
P descends, find the curve which is the locus of W. Is the above a 
case of stable equilibrium ? 

6. Investigate the conditions of equilibrium on the inclined plane 
without having recourse to the composition of forces. 

7. Find the quantity and direction of the force exerted by a door 
of given weight and dimensions on each of its hinges. 

8. A quadrant being placed vertically, a chain of given weight 
IS Jaid on the arc and coincides with it. Required the force necessary 
to keep it from sliding down. 

9. Required the radius of the least sphere on which a given 
oblate spheroid can rest in a position of permanent equilibrium. 

10. State the principle of virtual velocities, and prove it in the 
case of the inclined plane. 

11. A row of (w) elastic balls, A, B, C, &c. is placed in a right 
line. Required their ratio, so that the motion of A may after impact 
be equally divided among the bodies. 

12. An elastic sphere, after impinging on a harder plane (not 
»nooth), is observed to move off at an angle equal to the angle of in- 
cidence. Required the sphere's elasticity. 

13. A weight (w) is connected by a string pihssing over a fixtd 
pulley with a number of equal balls (n), placed in a vertical 
cylinder whose diameter equals that of the balls. They are con- 
nected to each other by elastic threads equal and given in length. 
Required the velocity of {ip) when (n) balls are drawn up, and the 
number required to destroy (w)*s velocity. 
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14. Find the locus of all the points to which a hody will descend 
in the same time on a straight line drawn from two given points. 

15. Find the line of quickest descent from the focus to the curve 
of a parabola whose axis is vertical. 

16. Make a body oscillate in a given cycloid^ and find the actual 
time of oscillation. 

17. If d be the angular distance from the lowest point of a circu- 
lar arc^ shew that the force in the direction of the curve is to that in 

the direction of the chord as 2 cos.- : 1. 

d» 

18. If a ball whose elasticity : perfect : : n : 1 be projected in 

vacuo^.at an ZO^ with velocity F; prove that the sum of all the hori- 

F2sin.2d 
zontal ranges = .. ^ — r» g = gravity. 

19. Explain the principle of the rifle barrel.- 

2Q* Given the increase of length in a rope stretched horizontally 
by its own weights ; find its increase of length when hung vertically. 



ST. JOHN'S COLLEGE, 1826. 

1. If a body be kept at rest by three parallel forces, shew that 
they are in the same, plane, and any two of them are to each other 
inversely as their distances from the third. 

2. The force requisite to draw a wheel over a small obstacle 
varies nearly as the square root of the height of the obstacle. Re- 
quired proof. 

3. Find the conditions of equilibrium when a body moveable 
about a fixed axis is acted on by any number of forces. 

4. ^ is sustained on the circumference of a vertical circle by 
means of a string going over a pulley at the highest point from which 
P is suspended. Given the ratio of P to W^ find the position of 
equilibrium, and determine whether it is stable. 

5. Prove in the case of the inclined plane that the power : weight 
: : weight's velocity : power's. 

6. If a force act on a body in free space, shew that the motion of 
the centre of gravity is the same at whatever part of the body the 
force is applied. 
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?• Find the centre of gravity of a conical glass and of a hemi- 
spherical bowL 

8. A cylinder rests on a sphere with its axis vertical. Under 
wliat limits of the base and altitude will the equilibrium be per- 
manent ? 

9. Two elastic balls {A = SB) are placed on a horizontal table. 
A impinging with a given velocity on B at rest drives it perpendicu- 
larly against a hard vertical plane^ and it meets A in returning at 
half its original distance. Required the elasticity of the balls^ and 
time of motion. 

10. A rod of given length and weight projects obliquely from a 
inrall : its upper extremity is sustained by two strings of given length, 
^which are fixed to two given points in the wall. Required the ten- 
sion of each string. 

11. Given the weight which a beam of given weight and dimen- 
sions can sustain, find the dimensions of a similar beam of the same 
mateiials which will sustain the greatest weight. 

12. Define uniform force, and thence deduce the equations 
V = FT, and S ^^\ TV. Explain the symbols, and state whether 
S and V begin from 0, and why. 

13. State and prove distinctly the third law of motion. 

14. A hoUofv cylinder of given weight is placed with its axis 
horizontal. A string of given length is Jlxed to, and wound round 
it ; and to the extremity of which P being attached is suffered to de- 
scend. Find the height to which P rises on its ascent. 

15. Given the velocity of projection, find the direction so that the 
projectile may pass through a given point (without the aid of the 
parabola). 

16. Given the point of projection, find the velocity and direction, 
so that the projectile may pass through a given point and strike the 
ground in another given point. 

17. A parabola being placed with its axis vertical and vertex 
downwards, from what point in the extreme ordinate must an elastic 
ball be let fall so that aft^r impinging six times on the curve it may 
return to the same point ? 
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St. JOHN'S COLLEGE, May 1828. 

1 . State fully the second law of motion, and mention some of 
the observations by which it is established. 

2. A body is moving in a given direction with a given velocity ; 
required the direction in which another given velocity less than the 
former must be communicated to it, so as to make the greatest altera- 
tion in the direction of its motion. And required its new velocity 
and direction. 

3. In the direct impact of perfectly elastic bodies, the sum of the 
products of the bodies, and the squares of the velocities, is the same 
before, and after impact. 

4". Two weightSL P and Q, balance each other upon the surface 
of a given sphere by a string of given length, passing over the vertex. 
Required the position of equilibrium. 

5. Find the centre of gravity of the arc of a semi-cycloid. 

6. Required to project a body, whose elasticity is to perfect elas- 
ticity : ; ml 1, from a given point in the circumference of a circle, 
so that after two reflections against the curve, it may return to the 
same point ; and to shew that the times of describing the first and 
last chords, are as w : 1. 

7. A body being projected down an inclined plane with the velo- 
city which w^ould be acquired in falling down its perpendicular 
height, the time of descent is found to be equal to that of falling 
down the height. Required the plane's inclination. 

8. A chain hangs in the form of a parabola whose axis is vertical, 
each particle being acted on by a force parallel to the axis and vary- 
ing inversely as the distance from the directrix. Required the law 
of the density. 

9. Required the least velocity, with which a body must be pro- 
jected, to strike a given object in the hori;sontal plane, supposing a 
wall to intervene, whose distance from the object is equal to its own 
height. 

10. Prove that if a body acted on by gravity be descending down 
the convex side of a plane curve, it will leave the curve, when the 
horiirontal velocity is a maximum ; and apply it to determine when 
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a body moving from rest from a given point down the convex aide of 
a cycloid^ axis vertical^ will leave the curve. 

11. In the last Problem^ determine the time elapsed. 

12. Two uniform beams of given weights, and lengths^ have 
their upper extremities against two smooth parallel vertical planes ; 
and their lower extremities, which rest on the intermediate horizon- 
tal plane^ act against each other. Required what must he the dis« 
tance between the planes^ when the beams rest at right angles to 
each other. 

13. State D*Aleibbert's principle and apply it to find the accele- 
rating force on an uniform plane in the form of an equilateral triangle 
oscillating about one side. Also determine the whcde pressure on 
the axis in any position. 

l^. Given W the weight of the body of a wa^^n, P and Q the 
weight of a fore and hind wheel respectively. Find the time in 
which it will run down a given inclined plane, the wheels being sup- 
posed uniform solid cyUnders ; and shew that it will descend quicker 
when laden. 



ST. JOHN'S COLLEGE, June 1829. 

1. The force which accelerates or retards a body's motion in a 
cycloid varies as the arc intercepted between the body and the lowest 
point. 

2. A sphere is sustained upon an inclined plane, by the pressure 
of a rod moveable about the lowest point of the inclined plane ; given 
the position of the rod, required that of the plane. 

3. Given the distances of the centres of gravity of any number 
of bodies from a plane, find the distance of their common centre of 
gravity from the same plane ; and shew that its motion is uniform 
and Tectilinear, provided the motions of the centres of gravity of the 
several bodies be so. 

4. A- lever toudies with its arms, which are at right angles, the 
circumference of a circle, whose plane is vertical, and radius less than 
either of the arms ; determine the position in which it will rest. 

5. A body descends down an inclined plane of given height and 
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lengthy and rebounds from the horizontal plane ; gi^en the greatest 
elevation which it afterwards attains^ determine its eUsticity. 

6. Three equal spheres are placed in contact upon a horizontal 
plane ; if another equal sphere placed upon them just causes them to 
separate^ what is the proportion of friction to pressure ? 

7. If two tangents to a parabola are at right angles to one another, 
and their point of intersection be in the axis, find the centre of 
gravity of the area contained between them and the arc ; and deter- 
mine the curve described by the centre of gravity, when the tangents 
sume all possible positions. 

8. Find the equation to the path of a projectile ; and shew that 
its length, between the body leaving the horizontal plane and re- 
turning to it, will be the greatest possible for a given velocity, when 
the angle of elevation (d) satisfies the equation 

2sec J = c«^-* + €^^»^'*. 

9. What segments of a sphere will oscillate about a tangent at 
the vertex in the shortest, and longest times possible ? find the length 
of the isochronous simple pendulum in each case. 

10. Determine the position of a weight supported on a smooth 
cydoidal lamina whose axb is vertical, by an elastic string which 
lies along the arc and is fastened at the vertex; supposing the 
length of the string when unstretched given, and its weight incon- 
siderable. 

11. Two equal balls, resting on a smooth horizontal table, are 
fastened by two equal strings to the end of another striilg, which, 
passing over the edge of the table, sustains a given weight ; deter- 
mine the motion, supposing the initial direction of the latter string 
to bisect the angle between the two former. 

12. An uniform beam rests in a vertical plane with its ends upon 
two curves ; shew that if the angles of inclination to the horizon of 
the normals, at the points in contact with the beam, be respectively 
a and /3, and be the inclination of the beam itself to the horizon, 
then 2 tan.d = tan.« '^ tan.j^. 

13. A lamina of matter in the form of an ellipse slides by gravity 
with its plane vertical, between two straight lines inclined at angles 
», and 90 — a to the horizon, determine the motion. 

14*. An uniform and flexible string is suspended from two points 
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in the surface of a vertical cjlinder^ detennuie its equations ; taking 
the origin where the axis of the cylinder, meets a horizontal planej 
whose distance irom the lowest point of the string s= length of a 
portion equivalent in weight to the tension at that point ; and shew 
that the perpendicular upon the tangent from the origin is of a con- 
stant length. 



St. JOHN'S COLLEGE, May 1830. 

1. If three forces keep a point at rest, any one of them is pro- 
portional to the sine of the angle between the directions of the two 
others. 

2. A stone dropped from a bridge^ strikes the water in 2 j^^, what 
is the height of the bridge ? Also, if the stone be projected down- 
wards with a velocity of 3 feet per second, in what time will it strike 
the water? 

3. Two weights sustain each other upon two inclined phines, 
having a common altitude, by means of a string which is parallel 
to the planes ; find their position, taking into account the weight of 
the string which is supposed to be of uniform thickness. 

4. If a body, whose elasticity is (e), impinge on a plane with a 
velocity (v), and be reflected with a velocity (y') ; and if », «', be 
the angles which the directions of its motion, in the two cases, make 
with a perpendicular to the plane, prove that tan. a = e tan.a', 
V thi.a =^ tf sinV. 

5. The locus of the centres of gravity of the areas of all right- 
angled triangles on the same hypothenuse (2a), is a circle whose 

radius ac ^. The locus of the centres of gravity of their perimeters 

is a spirali whose equation is ^ = a f sin.d — sin.- j ; the pole being 

in the middle point of the hypothenuse, and B measured from that 
line. 

6. A hemispherical bowl is terminated by a cylindrical rim, having 
the same external and internal radius ; what must be its breadth, in 
ord^r that the vessel may rest upon any point of its spherical base ? 
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7. A peifeotl^r elastic ball is projected from the middle point ei 
^b» base of a vertical flquaie toiwaids one of the anglefl, and after 
Shaving been reflected at the sides conteimng that asgle, falLs at the 
•ppotite ai^^ ; find the Yt^odtf of prdjeetknu 

8. Two weights P and Q, connected by a string of giTen length, 
are placed upon an inclined plane of the same lengthy P being at 
the liighest point, and Q at the lowest ; after what time will their 
distance be a minimum ? 

9. A unifo^ rod whose length equals twice the diameter, passes 
through a hole in a spherical sh^, and rests with one end against 
the internal surface ; shew that if a be its inclination to the vertical* 
when in its position of stable equilibrium, Hv + a) and ^ (v — «) 
will be its indinations, in its positions of unstable equilibrium. 

10. A uili^wm red of given length (^) is beat iftto the foroi of 
a eyekidj and oscillates about a horizonital line joining its extremi- 
ties ; prove that the length of the isochronous pendulum ss -• 

11. A convoy moving unif(»naadiy aleng a road whicb runs eiasl 
and west, is penceived at the inslant it is due south of a b^tery ; at 
what elevation, taA towards what point of the compass must a 
cannon, loaded with a given charge, be fired at the same instant, so 
as just to hit it? 

12. A beam havii^ one end on a vertical, and the other on a 
hcHrizontal plane, is kept at rest by a string connecting its centre of 
gravity with the point of intersection of the planes ; find the tension 
«f the string ; explain the result when the beam is of uniform thick- 
ness. 

13. A rod whose length :» a, and distance of its centre of gra- 
vity from one end =s 6, is placed Vith that end on the are, and the 
other on the minor and vertical axis of an ellipse, whose semi-axes 
are {a) and (b) ; shew that it will rest in any position ; but that 
if it be disturbed, its eeotre of gravity will describe the major axis, 
jvid its centre of instantaneous rotation, a circle radius (a — h} 
about the centre of the ellipse ; also* find the angular velocity of the 
rod in any position, and the velocity of its centre of gravity. 
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QUEEN'S COLLEGE, 1826. 

1. If two equal forces sustain each other by means of a string 
passing over a tack, shew that either force I the pressure upon the 
tack : : 1 : 2 cosine of half the angle at which the forces acl. 

2. P and W being in equilibrio on an inclined plaaie, if the 
whole be put in motion, then 

Fs velocity : fF's velocity : : W : P. 

S. AD is horizontal, DC vertical, Q a weight connected with 
one extremity of a beam AB by a string passing over a pulley at C 
in such a manner that CB is vertical. Find Q when there is an 
equilibrium, and shew that the equilibrium will be maintained 
whatever be the position of the beam AB, CB remaining vertical. 

4*. A body is suspended from a given point in a horizontal plane, 
by a string of known length, which is thrust out of its vertical posi- 
tion by a rod (without weight) acting from a given point in the 
plane, against the body ; shew that the tension of the string varies 
invexsely as the tangent of the inclination of the rod to the horizon. 

5. A quadrant being placed with one of its rides vertical^ and a 
isoifoirm chain equal in length to the arc being suffered to hang over 
it from a pin at the uj^r extremity, it is required to find the sus- 
taining force. 

& P and Q are two weights connected by ^ strijoig passing over a 
fixed puUey, whereof P is the greater, at the end of i^' an additional 
weight (q) is annexed to Q. Find the velocity of P after any as- 
signed time. 

7. If ^ be the angular distance of a body horn the lowest pdnt 

in a circular arc ; shew that the force in the ^uectkm a£ the arc is 

I 

to that in the direction of the chord as 2 cos.- I L 

.2 

8. Find the centre of gravity of a frustum of a pyramid. 

9. An imperfectly elastic ball is projected vertically downwards 
from a given point with a given velocity, upon a hard horizontal 
plane ; required the sum of the space described by it before the mo- 
tion ceases, and the whole time of its motion. 

10. A baU is projected in a given direction with a ^ven velocity, 

d2 



86 KXAJrnNATioN pafbrs [Queen^s 

determine the time of flight in terms of the oflcillationi of a pendulum 
of given length. 

11. If a hody descends down any curve hy the action of gravit/y 
tlie velocity acquired at any point will he the same as if the hody had 
descended down the same vertical space falling freely. 

12. Required the length of a pendulum which vibrates as often 
in a minute as inches in length. 



QUEEN'S COLLEGE, 1827. 

(. The uniform lever AC of given weight and length, and tum-« 
ing on the fulcrum C, has two given weights w^., w^ suspended from 
the extremity A, and the middle point By and is kept at rest by tie 
given weight P acting at A by means of a string passing over the 
fixed pulley D, CD is horizontal and equal to CA : find the position 
of equilibrium. 

S. A pai%iboloid of which the parameter is given, being cut off 
iiy a plane perpendicular to its axis, when prevented from sliding, 
just stands on an inclined plane of given inclination : required the 
length of the axis of the paraboloid. 

S. If the power and weight in equiliftrip on an inclined plane be 
pot in motion, the velocity of the power : that of the weight : : the 
^weight : the power. 

4. If any number of forces act on a pomt, the sum of their 
moments referred to any otfaev pokit is equal to the moment of their 
I'ifesultant referred to the same point. 

5. Suppose (p) to be retained on the curve of a given ellipse 
the axis nu^or of which is vertical, by a force (9) parallel to the 
hori^n, find the position of equiLibrium. 

6. Find the centre of gravity of the eighth part of a sphere, 
t. e. of the solid generated by the revolution of a quadrant about one 
of its sides through 90^. 

7. In the direct impact of two inelastic bodies, the difierence 
between the sums of the products of each body into the square of its 

' velocity before and after impact, is equal to the sum of the products 
of each body into the square of the velocity gained or lost by it. 

8. Shew that a body projected in an oblique direction along an 
inclined plane describes a pavabola^ andiliffl its latusTectunr, having 
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given the inc&ifllioD of the pkne aaid the vdoetty.and.directidii of 
piDJeclion« 

9. lavefidgate an expi!etsion for thei, tune of an oadllatton in a 
cydoiid. 

10. Sbew that the centres of suqpenaUm and oscillation are oofi- 
vertiUe points. 

11. Find the time in which a cylinder of uniform density would 
roll down an inclined plane, friction not permitting it to slide. 

12. Find the nature of the curve in which a hody will descemi 
from one given point to another in the least time possible. 



QUEEN'S COLLEGE, May 1 828. 

L A BENT lever of uniform thickness and density when sup- 
ported at the ang^e rests with the shorter arm hori«)ntaL If the 
shorter arm were twice as long it would rest with the other 
horizontaL Compare the lengths of the arms, and find the angle at 
which they are inclined. 

2. AB is a given horis^ontal line, BC a uniform beam of given 
weight and length, moving freely in a vertical plane about B. A 
given weight is suq^ended by a string fixed at A and. passing through 
a pulley at C Find the position of equilibrium. 

3. In a system where each pulley hangs by a separate string 
and the strings are inclined to each odier at given angles,, find the 
relation between power and weight when there isjein equilibrium. 

4. A body is placed in the centre of gravity of a triangle which 
is supported at the three angles. Shew that the pressures at the 
angles are all equal. 

5. Find the centre of gravity of the area which is the diffefenee 
between similar sectors of two given concentric circles. 

6. With what velocity must a cycloid revolve about its axis that 
the centrifugal force may he sufiicient to sustain a particle in the 
middle of the curve ? 

7. A ball, the elastidty of which is (e), projected from a given 
point in the circumference of a circle after being reflected from k 
twice returns to the given point. Required the direction of pro^ 
jectioh... ' ' . 
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8* Detennine ftliat .diameter of a ckde domi tke ]aat bstf of 
which a body descends in the time down the whole vertical diameter. 

9. The thread by which a body osdQattng in a f;iten'Qrclol!d is 
suspended^ breaks when the body is at the lowest point ; after which 
it proceeds and strikes the vertical tangent to tlie extremity of the 
cycloid in the time in which it would have completed its oscillation ; 
required the length of l9ie are througih which it had descended* 

10. A circular area the density of which varies as the distance 
from the centre oscillates in its own plane about a given axis. 
Required the time. 

11. A given weight (p) is suspended at the extremity of a pen- 
dulum of given length ; where must another weight (9^ be fixed^ 
that the whole may vibnte in the least time possibk? 

12. If a body descends by gravity down the quadrant of a circle 
'touching a horizontal line at its highest pointy where wiU it leave 
the curve^ and where will it cut the horizontal radius produced ^ 



QUEEN'S COLLEGE^ May 1829. 

1. A BTRAioHT lever of uniform thickness, the length and 
weight of which are given^ has two weights P and Q Attached to its 
extremities, and is sustained by a fulcrum at a given point, and also 
by another f uleram, mi which it presses with a given force ; r^uired 
the portion of that other fulcrum. 

2. A chord PAQ is knotted to a fixed point A, and drawn in 

difierent directions by the forces P and Q, so that the pressure 

P+ Q 
upo« A » ■ ; find the aijgle at which the disectiais of P 

and Q are inclined to each other. 

3. A weight W is drawn up an inclined plane by a force P, 
acting by means of a wheel and axle, placed at the top, so that the 
string attached to the weight. may be parallel to the plane.. Giyen 
Jt and r the radii of the wheel and axle ; find the inclination of the 
plane. 

i. A uniform bent lever ABC, containing a given angl^ ^% JP, 
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«iid faai^ag its ams of given weigfate and kngtli% hnp fredy hy 
Uie extienuly J : fiiid the posttioB of equUibriwii. 

5m Find &e ceiktre ef gravity of a parab^ltoare^ taraiwilod by a 
straight line, indiued at a given angle to the aida. 

6L Find the centre of gravity of kalf the solid intercepted be« 
tween the surfaces of a hemisphere and paraboloid^ on the same base: 
the latua^rectum of the paraboloid coinciding with the diameter of 
the hemisphere, and the solid bdng bisected by a plane, passing 
through its axis. 

7. Find the equation to the catenary between x and if ; measurmg 
from the lowest point. 

8. W IS kept in equilibrio on an inclined plane by P, which acts 
by means of a single moveable pulley fixed to W, the strings being 
parallel to each other and to the plane. Prove that when put in 
motion P : W : : velocity of W : velocity of P, in the directions of 
their action. 

9. Two eqMal hard balls are projected at the same instant towards 
each other, from the two extremities of a vertical line, each with 
the velocity whi«^ would be acquired in falling down it. Where 
will they meet? And what time will intervene between their 
impact, and their arrival at the lower extremity of the line ? 

10. An imperfectly elastic ball from a given height is let fall on 
a ^ven inclined plane ; required the point in which, after reflection, 
it will strike the plane again. 

11. The cord which sustains a body in its descent down the arc 
of a semicycloid breaks at the lowest point. Where will the body 
strike the tangent at the other extremity of the cycloid ? And, if it 
be perfectly elastic, where, after reflection at that tangent, and at 
what angle, will it strike the axis of the cycloid produced ? 

12« A body osdUates in a cycloid ; compare the time of descend- 
ing down one side and ascending half up the other, with the time of 
describing an arc of equal length cut off by a line parallel to the 
kase. 

13. A chain coiled on the ground is drawn up by means of a 
w^ht P, connected with it by a string without weight, passing 
ovir a fixed puUey ; find the velocity of P, after it has descQdded 
thnugh a given space. 
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l^^. ThQ weights P and Q being coUeeted at Ibe extreoities of a 
uniform rod PQ, of wbicb the length is I, and weight w, the s^rsteni 
Qsdllatet about an axis passing through the middle of &e lod. . Re- 
quired the time of an oscillation. 

15. The radius of the outer surface of a hollow cylinder being 
given ; required its thickness^ that the time of its rolling down an 
inclined plane^ may be to the time in which it would descend with- 
out friction in the ratio pf 5 to 4*, 



QUEEN'S COLLEGE, May 1830. 

1. A STRAIGHT lever is sustained on a fulcrum at the middle 
pointy and is kept at rest by two given weights ; where must they be 
placed, that the distance of the one from the fulcrum, may equal the 
distance of the other from the extremity ^ And, where must the 

Julcrum be placed, if these situations of the weights be reversed? 

2. A weight P is sustained on an inclined plane by three forces, 

P 
each equal to -^^ osie acting vertically upwards, another parallel to 

the plane^ and the third parallel to the horizon ; required the plane's 
inclination. 

$• A uniform rod of given weight and length, having a weight, 
which is also given, fixed at one extremity, rests upon a point A, 
with its other extremity, against a vertical plane BC ; find its 
position. 

4. By a straight line drawn through a given point in the diameter 
of a semicircle, cut off a part^ such that what is left may balance, 
when suspended at the given point with the remainder of the 
diameter horizontal. 

5. A uniform rod of given weight and length suspended at a 
given point, is drawn out of the vertical position, by a given force, 
acting from its lower extreinity by means of a cord, which passe? 
over a pulley fixed at a given point, in the same horizontal line witl 
the aids ; find the angle through which the rod is drawn. 

6. Any number of forces being given, acting in any directiois 
upon a rigid body ; reduce them to two sets of forces, one set beng 
in a given plane, and the other perpendicular to it. 
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?• Prove Guldinus's property of the centre of gravity of a 
zevolving plane; and apply it to find tbe centre of gravity of a 
semicirde, by the revolution of which about the diameter a sphere 

is generated ; it being gran^ted that the area of semicircle ss -^> 
and content of sphere := |-3rr\ 

8. Prove that if the direction of a body projected from one 
extremity of the diameter of a circle, along a horizontal plane be 
such that after one reflection at the curve, it may pass to the other 
extremity, the sine of the angle which that direction makes with the 

diameter = —77; : , e being the elasticity 1 and iind the sine of 

the angle made with the diameter, by the course of the body after 
itbe second reflection. 

9. A body descends by gravity, and describes in the nth second 
of its fall, a space ss p times the space described in the last but »; 
required the whole space. • 

10. A body of given elasticity is projected upward with a given 
velocity to strike a horixontal plane, and in f returns to the point 
of projection ; required the distance of the plane from that point. 

] \. A body of given elasticity is projected from the top of a 
tower in the direction toward a given object on the horixontal plane 
below, but falling short, it strikes the proposed object after one re- 
flection ; required the yelodty of projection. 

12. Prove that the oscillations of a pendulum through small arcs 
of. a circle aro nearly isochronous. 

13. A. uniform bent rod of given, dimensions, suspended by one 
extremity, is slightly put in motion ; find the length of the pendulum 
which oscillates in the same time. 

14. The inscribed equilateral triangular prism, being cut out of 
a cylinder; find the time in which the remainder will roll down a 
given inclined plane. 

15. At what distance from the centro of a sphere in free space 
must an impulse be given, that the motion afterwards may be pre- 
cisely diat of a rolling sphere ? 

16. A given triangle revolves in its own plane, about an axis 
passing through one of its angles, with a given angular velocity ; 
find the pressure upon the axis* 
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CORPUS CHRISTI COLLEGE, 1827- 

1. If tviro adjacent sides of a parallelogram represent the magni- 
tude said direetioD of two forces, prove that tlie diagonal of the san^e 
parallelogram will represent the magnitude and direction of the re- 
sultant of the forces : and if two forces be in the ratio of 3 : 2 ; find 
their inclination when their resultant is a mean proportional between 
them. 

2. Give a general demonstration of the principle of virtual velo- 
cities^ and apply that principle to compare the power and weight in 
ease of equilibrium on tlie screw* 

% Prove thttt the power of ap\7 combination of machinea is equal 
to ihe product of the powers of all the simple machines in that CQX9^ 
<bination. % 

4« CaflapaKe the power and weight which keep eadi oiher ia 
equilibrium on the system of pulleys where each stmig is attached 
.40 the weagbt, the number of moveable pulleys beipg three:, end their 
.weights equal ; and explain what advanti^ges this system possesses 
over that in which each pulley hangs by a s^axate string. 

& If the oommon balance consist of a ^ven uniform beam AB 
the centre of gravity ij£ the whole bei»g at G the middle painty but 
4hB fulcrum at C a ^ven distance above G ; required the position in 
iVhich it will rest when loaded with unequal weights at A and JS. 

6. Given the distances of any bodies cootddered as points from a 
pUne ; find the distance of their centre of gravity fron the same 
^ne ; and find the centre of gravity of a given sector of a drde. 

7. Exphun the principle on which rocldng-stones are made ; and 
if a stone consisting of a given hemisphere^ and a cylinder of the 
same radius be placed on a horizontal plane> find the length of the 
cylindrical part^ so that the stone may be in equilibrium dn whatever 
part of the hemisphere it rests. 

8. If or and ^ be eo-ordiuates tp the catenary measuring from the 
vertex^ prove that x+ a^= ^{e^ + e *) where a is the tension at 

the vertex ; and prove that the tension at the point {x, i^)ss a 4- x> 

9. If a roof consist of beams formia^' an isosceles tmngle with its 
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hamhaiiwt^^ Aqd,4 ^ven weii^ l^ fittcti «l Uie virlesc^ ^te 

weights of the heams which are equal to CM asnoliher being abo gi^Ksp ; 
xequiied the horiAHitd force at the foot of either of the beams. Ex- 
plain how the efifecto of this pressure are tauaUj provided i^^at iii 

buildings. 

10* In a bridge if the intrados be a circle^ and the joints in tb^ 
direction of radii, to find the extrados. 

IL A given beam ^B is supported on the horizontal plane DE 
by means of given weights P and Q hanging freely over pulleys at 
E and C; find the position of equilibrium of ilB. 

12. Ten men of equal strength wishing to pull down s^ tree of 
^ven height, and at the same time to avoid all danger from it^ fall, 
fix two ropes at its top, one of wluch reaches to the ground making 
an angle of 60® with the tree, and theothcr 45**. Now if four of the 
men puU at lifae extremity of the former towards the «mth, and src 
at ihat of the latter towards the south-east : towards what point of 
the oHnpass will the trpe fall ? . 

13. When two imperfectly elastic bodies moving with given ve- 
locities and in ^ven directions imping upon each other ; required 
their velocities and directions after impact, and prove that the motion 
of their centre of gravity is not afiected by the impact. 

14. If a body be moved from rest by a constant force f, prove 
tbat the qttce deactibea in time (0 =*= ifi^> »nd if ihe body be pro- 
jected in direction of force with velocity (w), space in time 

15. If a body be projected with a velocity (v) in a direction 
making an angle (a) with the horizon; find the focus of the para- 

2iyg . c os.^ . » 
bok. described, and prove 4hat itslatus redam "«* ~ — 7 • 

16. Prove that the time of oscillation in a eycloid 



-y: 



where«=3S»141fl9"» 



d X ss i length cf the whole cyckdd, and g the ftofte ef gfstfrtty M 
e place where the osdllation is pnfiirxM«U 

1 

17. The force of gravity varying as j— ^ from the centre of the 



penduli 
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levd of the flea tlmtil bu^ Tibnite 59} tbaciB in a minute, ihe radius 
of the Earth being S958 miles ? 

"18. A body is projected with a velocity of 160 feet per second^ 
and at an angle of 45^ whh the hori«m^ and after a lapse of 5'' an 
object dislodged by the projectile strikes the ground; required the 
distance of the object struck from the point of projection. 

19. Explain what is meant by the centre of oscillation ; and find 
the time of a small oscillation of a cone about an axis perpendicular 
to the axis of the cone> and passing through its vertex. 

20. Prove that the times of a solid cylinder and a globe rolling 
down the same inclined plane from rest are in the proportion of 

^/lS : V14- 

21. Explain the construction of the Ballistic pendulum; and if 
a ball P strike it with a velocity Fat a distance (a) from its axia, 
prove that 

F= 2sm.- . — ^— . - ^/(g)t 

» 

where M ^ mass of pendulum, / and h the distances of its centres of 
osciUation and gravity from the axis^ and d the angle through which 
it oscillates. 



CORPUS CHRISTI COLLEGE, May 1828. 

1. If two weights balance each othear on a straight lever^ prove 
that they are inversely as tiheir distances from the fulcrum^ and the 
converse. 

2. If two adjacent sides of a parallelogram represent two forces 
in magnitude and direction, prove that the diagonal is their resultant r 
also if a body has two uniform motions communicated to it at the 
same instant along two adjacent sides of a parallelogram, prove that 
it will move unifonnly along the diagonal. 

3. Compare the power and weight in caSe of equilibrium on a 
l^st^n^of (») moveable pulleys wheve each hangs by a separate string, 
the weighta of the pulleys. being il^, 2^^, 9^A^, &&••• 2•-Ml^ 
(il I the highest). 

4. If any number of forces act in the 'same plane on a rigid body, 
iiivljfche;inagiii(iide.of their resultant, and the. equation .to the line 
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in which it acts; and prore that the mmnent of the remiltant refi^iTed 
to any point in the plane"equals the sum of the moments of the' com* 
ponent forces. 

5. Define virtual velocity ; and in the cases of equiUhrinm on the 
bent lever and the screWj prove that P X P's virtual velocity +: W 
X FTs virtual velocity a= Q. 

6. Find the centre of gravity of any nmnber of hodiea ocmsideicd 
as points in space. Find also the centre of gravity <^ a shell the ex* 
terior surface of which is a cone and the interior a paraboloid of half 
the height of the cone, and the radius of its base two^thirds of. that 
of the cone. 

. ?• Prove that a body placed on a hmuontal plane will be sap* 
ported or not according as a vertical line passing through the centi^ 
of gravity falls within or without the base ; and find where a right* 
angled isosceles prism must be cut by a plane parallel to one of its 
equal sides that it may just be supported when placed with this section 
on a horizontal plane. 

8. Investigate Guldinus' Theorem for finding the content of a 
solid of revolution : and if a right-angled triangle, the sides of which 
are (a) and {h\ generate a solid of revolution about its hypothenuse, 

prove by this theorem that its content s=b ^ — -^^^ __.. 

^ ^ »>/(a«4-6«) 

9. If a chain of given length hangs freely over two given points 
in the same horizontal line, find the position of equilibrium. 

10. If two chords of a circle drawn from the same point repre- 
sent two forces, and if one of the chords subtends an arc of 90^, find 
the other when the resultant of the two is the greatest possible. 

11. Explain what you understand by motnng force and what by 
accelerating force, and if a space («) be described from rest by a con- 
stant force y in time (/), prove that s =s l^ft^ ; and that the spaces 
described in the Ist^ 2nd^ Sxd, &c. seconds of time aie as the odd 
mmbers^ 1,3, 5, fsc» 

12. Two bodies A and 2 A whose elasticity : perfect elasticity 
; : 2 : S, move with velocities 2t» and v respectively, and the direc- 
tion of each makes an angle of SO^ with the common tangent at the 
poini;. of impact ; find the directions and.velodties of the bodies after 
impact. 
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16. If a bo^ h& ptojected in vacuiH find the equation to its path, 
andsbtfr that it is a pambola; and the velocity ami direction of 
projection being given, find the range on a given inclined plane^ and 
thetimeof iBght. 

14. If a body oacillatea in a cyekidj prove that the accelerating 
force along the curve is proportional to the arc intercepted between 
tiie body and the lowetl point I i^nd find the time of oscillation : imd 
if the body oscillates through the whole arc of the cycloid, and the 
time of osciUatimi be divided into four equal intervals, compare the 
aics passed over in the 1st and Sad of them. 

1 5. Define the centre of gyration, and find it in a sphere of nni<p 
fbrm density revolving about a diameter. 

16. Define the ceiUre ff ascilkUiau, and find it in the solid 
formed by the revolution of a sector of 60^ of a given circle about one 
of its extreme radii ; the solid being suspended from the vertex. 

!?• If bodies be prqjected from the some point, and with the 
same velocity, but in all possible directions in the same plane | find 
the locus of the points at which the path of each body is inclined at 
45° to the horizon. 

18. If two equal cylindrical wheels be ^xed on a given cylindri^ 
cal axle, and the whole be caused to roll along a horizontal plane by 
a weight unwinding a string from the axle, find the velocity aking 
the plane at any time, and the space described : and find the magni- 
tude of the obstacle which placed under either wheel will just pre* 
vent its motion. If the plane and wheel be perfectly smooth what 
will be the nature of the motion ? 



CORPUS CHRISTI COLLEGE, June 1899. 

1. Ip any number of fwces, PQRST, &c, FGtR'S'T, &c 
acting at the arms of a bent lever to torn it difiecent ways, balance 
one another, and pqrst, &c., p'q'/s'f, &c« be perpendiculars on their 
directions from the fulcrum, then shall 

Pp + Qq+ Rr-i^Sfc.^ P'p' 4- Q^q' + i?'/ + &c 

2. If any two finraes acting at the same point be ic pt eacnt e d iki 
magnitude and direction by the sidea of a paxallelogr|im» the diagonal 
also represents their resultant in magnitude and direction. 
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S. lik the vrew, P : IF : : dutanee Iwiween two threads : cir- 
camferenoe of the drcle descrihed hy the power. 

4. Prove the principle of virtual velocities in the wedge 
gensfially* 

5. If a system he in equiEbrium, the centre of gravity is at its 
highest or lowest point ; required a proof. 

6. If A A be the co-ordinates of the centre of gravity of a curvi- 
linear area^ shew that 

^ /dm /dm 

Apply the expressions to a quadrant of an ellipse. 

7. In an arch which is in equilihiium, the weights of the votissoirs. 
are as the differences of the tangents of the angles which their joints 
make with the verticaL 

S. A solid is fanned hy the revelation of a semi-parahola through 
an angle of 60^ Find the centre of gravity. 

9. Find tlie lesaltant of any nmafaer of forces actiag in the same 
plane on a rigid hody> and determine also theequftfeioQ to thestraighA^ 
line in which it acts. 

10. A cone and hemisphere of equal bases and altitudes are placed 
on an horuEontal plane, the extremities of their bases coinciding ; 
find the position of equilibrium of a ^ven rod (in length less than the 
diameter of the base) which shall rest between them. 

, 11. Find the equation to the catenary between x and y beginning 
from the lowest point. 

12. Explain and prove the first law of motion. 

1 3. Two bodies, whose common elasticity is e, and moving with 
given velocities, impinge directly on each other ; determine their 
velocities after impact. 

14. Prove the expressions, 

«id ahew that the ipaces described in the lst» 2nd, Srd, 4th,^llrc. 
seconds are «a the Bonbersy 1^ S, 5, 7« &t;. . 

15. Shew dott Ike curve deaGrifaed by a pvoyoctile ii a paraboh, 
and find its latus rectum. 
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16; Tvro gpherical bodies move uniformly in any two straight 
lines not in the same plane, if they meet> determine their ooaoouisei 
if noty find when they approach nearest to one another. 

17. A body perfectly elastic is projected up a plane whose angle 
of inclination equal 0, at an angle m, and with a given velocity U, 
after reflexion it ascends vertically upwards,, shew that its range on 

the inclined plane ae — -, — -, — - — — >, and that the time of fiiflht 
^ g 8m./?.cos.^0 ^ 

from the point of projection till the body returns to it 

6 , U . co8.« 

g . sin.20 

18. A body descends down an inverted cycloid; find the time of 
a whole oscillation. 

19. Find the equations of motion of a body moving in a plane 
and acted on by any forces in that plane. 

'^O. A body is acted on by a force tending to a centre ; find the 
polar equation to the curve described. 

21* P draws up fV by means of the wheel and axle; find die 
accelerating force on P. 

22. The strength of a string by which a body, may be whirled 
round in a vertical circle, must be able to support six times the 
weight of the body. 

23. A paraboloid renting on an horizontal plane has its axis drawn 
a little from the vertipal, and begins to oscillate ; find the time of 
one of its small oscillations. 

24. Define the centre of oscillation, and shew that the centres of 
oscillation and suspension are reciprocaL 



CAIUS COLLEGE, MaV 1830. 

1. If two weights balance each other on a straight lever, theiir 
distances from the fulcrum are inversely as th^ weights. 

2. If any two forces act at the same point, they are equivalent ttf 
a single force whose magnitude is expressed by the diagonal of the 
paralklogram, of which the sides express the magnitude and direction 
of the two forces. 
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3. If any number of parallel forces P, P', P^'y 8ic act on a 
system x, y^ z, a^, i/y /, &c. being tbe co-ordinates of their points of 
application^ and if a:^ ^^ » be tbe co-ordinates of tbe centre of forces ; 
shew that 

_ P. J? + Fa?^+ P^V^+ &c. 
""r P + P'+P^' + Ac. ' 

_ p.y + py + py + &c. 

^"" p + P' + P'^ + ^c. ! 

^* P + P' + P^ + &c. 

4. Find tbe centre of gravity of a pjrramid wbose base is a 
triangle. 

5. Prove Guldin's tbeorems. 

6. Given tbe resultant Ji of two forces P^ Q^ tbeir sum« and 
their inclination ; to find the forces. 

7. P supports Q on a given inclined plane^ P*s direction making 
with the plane an angle f ; to find tbe conditions of equilibrium. 

8. Determine the same^ taking into account friction. 

9. In a system of pullies, each string is attached to tbe weight- 
Determine the equation of equilibrium^ taking into account tbe 
weight of the blocks. 

10. Find the equations to tbe common catenary^ and if ^ = tbe 
tension at any pointy p = the radius of curvature^ and c s tension at 

lowest pointy then p s -• 

c 

11. A beam (PQ) rests upon two inclined planes; to find the 
position of equilibrium. 

1 2. Prove the principle of virtual velocities for tbe five mechanical 
powers* 

13. Two bodies »i, vi move in the same direction with velocities 
Vy nfy and V is greater than t/^ determine their motions after impact^ 
first when perfectly hard, and next when their common elasticity 
is t. 

14-. Wlien a body is acted upon by a uniformly accelerating force 
shew that 
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16. A body U prcQecttd fiwm a givtii poinl m * gina dlrectioxi 
witb A givtn Teli>6ity i piovt tint 

yssx. tan.« — ;; — ~ — 

is to the equation to the curve^ and shew the emve to be the common 

-- — '-— '-^^T^ 

16. The velocity acquired in falling down any curve = the 
velocity acquired l^ ftdHng freely down the same vertical height 

17. Find the time of oscillation in a common cycloid^ Aod in a 
circle. 



HYDROSTATICS, 



TRINITY COLLEGE, 1822. 

1 . Whbm a fluid is at rest its surfaoe is horizontal. 

2. Shew how the capacity of an irregular vessel may practically 
be found with accuracy. 

3. Between every two positions of stable ecjuilibriuiwi pf a floating 
body there is a position of unstable equilibrium. 

4. Supposing that it requires one wth part the weight of a particle 
of water to overcome its adhesion : find what is the least slope down 
which water would flow. 

5. It is found that on mixing 63 pints of sulphuric acid at 1*82 
spedfiG gravity, with 24? pints of water, one pint is lost by their 
mutual penetration : find the specific gravity of the compound. 

6. Find the whole pressure on the side of a hollow octahedron 
filled with water, 

(1). When suspended by an angle. 

(2). When by two adjacent angles, with the intermediate 
edge horizontal. 

(3). When by the three angles of a side, so that this side. i« 
horizontal ^ 
the length of an edge being a inches : and the weight of a solid 
foot of water being 1000 ounces. . . 

7. How far may a shaft AX be bored perpendicularly into the 
vertical face of a canal-bank before the bank would be blown up ; 
supposing that the tenacity of the earth would be accounted for by 
an addition to its specific gravity, and that the form of the bank is 
determined by the equation PM ^f{4M), {4M) being the vertical 
line from the point P on the bank, to M in the shaft. 

Apply the xtmUt to the case where AB is 7 feet, BC U 2 £^t, 
the bank if a plane of 90» elevation ,• the specific gravity of the 
earth being 235, and the additiim for adhesion bdng f of tbi^ 
weight. 

E 2 
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8. A hollow sphere filled with water is divided hy a yertical 
section through the centre ; find how long the water will be in 
escaping if the two halves are separated by a given small interval 
from each other. 

9. A cylinder filled with water empties itself through a hole in 
the side^ whose area is a^, at the height 6. After the times r and s 
it is observed to spout to the distance m and n respectively from the 
foot of the cylinder. Find the dimensions of the cylinder. 

10. A piston of given area a* working in a cylinder^ forces water 
through a pipe of given aperture c^ opening upwards. Find the 
rate at which the piston must move^ and the force that must be 
applied to it^ to make the water spout to the height h. 

11. A fluid spouts in a vertical direction ; find the form it should 
assume. 

12. Explain the phenomenon of capillary attraction ; and deduce 
the relation between the diameter of the bore^ and the height at 
which it will sustain a given fluid. 

IS. Investigate the density of the air at a given height above 
the earth's surface ; and shew how the result may be applied to the 
ascertaining of the height of mountains. 

I4f, A bucket of water is whirled round in an horizontal circle : 
find the form which its surface will assume when the suspending 
string is inclined at an angle of 6f^ to the horizon. 

15. Find the velocity of a ball in an air-gun^ supposing the 
resistance of the compressed air before the ball to vary as the 
velocity. 

16. What is the nature of the curve of isochronous oscillations 
when the resistance is as the square of the velocity. 



TRINITY COLLEGE, 1823. 

1. A Spring on the side of a hill appears on the same level with 
the foundation of a house on an opposite hill, known to be at the 
distance of a mile ; within what distance of the true level of the 
house can water be conveyed in pipes from the spring ? 
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2. A cirde is just immersed in a vessel of fluid ; divide it by 
another circle touching it internally at the surface into two parts, 
such that the pressures upon them shall be as it : 1. 

S. If the specific gravities of fluids be proportional to the parts 
of the axis of an hydrometer extant above the fluid ; what la the 
form of the stem, considered as a solid of revolution ? 

4. Supposing the specific gravity of a man, of water, and cork, 
to be 11 20, 1000, and 240 respectively ; what quantity of cork must 
be connected to a man weighing 1501bs., that he may just float in the 
water? 

5. Illustrate the nature of stable and unstable equilibrium, by 
the instance of a solid elliptic cylinder placed in a fluid of twice its 
specific gravity. 

6. » If a barometer, having its lower end immersed in a bason of 
mercury, be suspended from the beam of a balance, it is found to 
weigh as much as when it is inverted, filled to the same height, and 
suspended by the other end. Explain this circumstance. 

7. If B equal the altitude of the barometer at a lower station 
and i at a higher, and A be the modulus of the atmospheric system 
of logarithms, prove that the altitude (a) may be found without 
l(^arithms very nearly by this formula : 

,AB,Ab 

8. Abstracting from gravity, suppose that any number of forces 
are in equilibrium when applied to the pistons of cylinders, which 
are fitted to apertures in a vessel of water; prove that the 
general principle of virtual velocities obtains in a machine of this 
nature. 

9. The velocity with which an elastic fluid rushes into a vacuum 
is independent of its density. 

10. Having given the velocity of a vessel, and also that of the 
wind, and the angle made by the wind and keel ; find the angle 
made by the keel and sail when the propelling force of the wind is 
the greatest possible. 

11. If steam from a boiler, the pressure of which on the umt 
of surface is P, be admitted above the piston of a cylinder, (diam* 
2r) while it descends through a given space s, and then, the com« 
munication being closed, the steam be left to expand ; prove that the 
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whole effect (etftimated on the principle of the ris tiya) of the steam 
acting through the additional space S, will he 



(i+log.^) 
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1 2. If the retiaianee vary as the velocitjr^ atid gravity act ttniforra!/ 
in lines perpendicular to the horiaoiis the velocity of the prq|ectile at 
any point is as the tangent produced to the asymptote* ^Newitm, 
Vol. II. Prop- 4.] 



TRINITY COLLEGE, 1824. 

1. Dbfinb a fluid f and an elastic fluid. 

2. Explain the action of a ^photi. 

S. The whole pressure on any surface immersed in a fluid, is 
equal to the weight of a column of the fluid, whose hase is equal to 
the surface pressed, and its height equal to the depth of the centre of 
gravity of that surface helow the surface of the fluid. 

4. Investigate the rule for finding the centre of pressure^ and 
apply it to the case of a triangle, a side of which is coincident with 
the surface of the fluid. 

5. A hemispherical cup is filled hy a solid hemisphere^ which 
turns round a fixed horizontal diameter as an axis : ^ew, that if 
the solid he turned about, and a fluid of double the specific gravity 
of the solid be poured into the cup, then, upon the solid being allowed 
gently to return, the fluid, whatever was its quantity, will rise 
exactly to the edge of the cup, and none will escape* (The principle 
of Mr. Cecil's Lamp.) 

6. Required the weight of a hydrometer, which sinks as deep in 
rectified spirits (specific gravity *S66), as it nnks in water, when ii 
is loaded with 67 grains. # 

7* A balloon of given weight and capacity is ao constructed, that,- 
as it nses^ the air escapes, tiil the elasticities of the internal and of 
the external air are equal. Compare the greatest it can attain, with 
that which it could have attained^ if the m had not been suffered^ to 
CQcapfi* 



8* If II batt)m6le]f be pkced iiiidfti* ih6 receiver of an alt-^urap^ 
tlie sum of the altiKidei in tbe bfttometer and in l&e gage Will be 
constant. 

9. Explain tbe cohsttuctioh df a tbtct ^litAp i tM, sttppo^ing the 
watei* to be foreed in given quantities, and at gifen intervals, into 
an air-vessel of known capacity, find the greatest and least velooitiei 
of the issuing stream. 

10. Oiven ilia braadth of a iii^ave, and the fAte of its apparent 
motion^ to find its height. 

1 1 . Given the situations of a bucket of an overshot wheel wliare^ 
independently of the centrifugal force, the Witter would begin to 
leave it, and where it W(mld be wholly discharged ; find, either by 
a geotneuicni eohfi^ructioni or algebraically, the coivesponding 
situations when the centrifugal foroe is eemdidered* 

1%, Compare the rcsistanoes to the motiim of a cube in t fluid, 
irheA it moves in th«i direction of its loogeit dti^fial) and when 

it moves in the direction of an edge. 

18. Investigate tbe relation betweekt the telneity of a machine 
driven by the dlreet Impulse of Water^ and thiit of (he weteTj that 
the effect may be a majdausn 

14. Beqnixed Ihi greatest yak>dity of a heavy wphm sinldng in 
a fluid ; and apply the result to determining the sjfeeifie gravity 
and magnitude of meiallie ipheniles> too aiinute to be itieasttred 
or weighed. 

15. How must !^e density of a lesisl^g medium veryj that a 
heavy body, projected horiaontally, may describe the quadrant of a 
circle ? 



TRINITY COLLEGE, 1827* 

1* A 6irifiN quantity ef fluid js eontained in a bottle of given 
base. If by narrowing the Ufpet part of the bottle the fluid be 
made to stand higher^ how will the pressure on the base be affected^ 
and how the weight of the vessel t 

2. If a body float on a fluid, the part immersed { Whde body : i 
spedfic gravity of body : specific gravity of fluid* 
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3. Two bodies of equal weights when connected will just float ; 
what is the relation of their specific gravities and of that of the 
fluid ? 

4. From a thin hollow iron sphere of whidi the radius in a, a 
segment^ of which the abscissa is b, being cut, will just float; what is 
the whole weight of the sphere ? 

5. Define a level surface ; and shew that the pressure at all 
points of a level surface, in any fluid in equilibrium, is the same. 

6. Prove the expressions for the co-ordinates of the centre of 

pressure, 

j^__ ffx^dxdy y _ ffxydxdy ^ 

ffxdxdy ' ffxdxdy ' 

and apply them to the case of a quadrant with its radii horizontal 
and vertical, and its conveadty downwards. 

7* In the oblique position of flotation of an isosceles triangle, the 
circle described through the vertex and the extremities of the line of 
flotation will bisect the base. 

8. In a level it is found that the bubble moves ^ih. of an inch 
for each diange of \" in the inclination of the tube. . What is the form 
of the interior upper surface, and its curvature ? 

9. The Thames tunnel consisted of a horizontal way 30 feet 
wide, 15 feet high, and 580 feet long, and of a circular vertical shaft 
50 feet diameter; supposing the river to be 30 feet deep, and to rush 
in through an aperture of 1 foot square ; 

( 1 }• How long would the horizontal way take in filling ? 

(2). How long would the shaft take in filling? 

] 0. The transverse section of the immersed part of a boat being 
a semicircle; find the direction and magnitude of the whole pressure 
on one side of the section. 

1 1. Find the resistance upon the prow of a boat supposed to be 
iti the form of a quarter of a sphere bounded by a horizontal plane, 
and a plane perpendicular to the direction of its motion. 

12. In a capillary tube, what part of the tube is employed iu 
sustaining the fluid, and how is this proved ? Shew that the height 
at which the fluid tvill stand will be inversely proportional to the 
diameter of the tube. 
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13. In an imperfect barometer tube^ of which the length is S3 
inches^ the mercury stands at 29^ when in a perfect one it is at 30 : 
at what height will it stand in the imperfect one^ when it is at 20 
in the perfect barometer ? . 

14. A rectangular parallelopiped of which the specific grayitj is 
one half^ floats with a side horizontal ; what is its stability ? In 
what case will the equilibrium of indifference subsist? 

15. A heavy piston descends by its weight in a tube filled with 
air ; find its velocity at any pointy and the depth to which it will 
descend (neglecting friction.) 

16. Explain the common pump. What are the conditions under 
which it will not work when the piston does not descend to the fixed 
valve ? 

17. If the elasticity of the air> including the efiTect of tempera* 
ture, vary as the (density) ^"'""•, shew that the pressure (p) at any 
altitude z, wiU be given by the formula 

il' being the height of a homogeneous atmosphere^ of density D, and 
r the radius of the Earth. 

9 

Also m being ^; find the whole height of the atmosphere. 



TRINITY COLLEGE, May 1828. 

1. If two fluids communicate in a bent tube, their perpendicular 
altitudes above the plane where they meet are inversely as their 
specific gravities. 

2. To find the specific gravity of a body lighter than the fluid 
in which it is weighed. 

3. A hollow iron sphere just floats in water : find its thickness. 
If the exterior and interior surfaces are not concentric, how may the 
fact be ascertained ? 

4. Compare geometrically the resistance on a semicircle moving 
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in a fldid p«rpetidicUlArIy to itii ikmetet, wttli tlie )*esbtallde cm Its 
diametei'i 

5. A dose I^ai^boloid eohtaitiing dommdfi fttmo^pliefid fiilf is let 

down in water to a certain depths and a smkll orifice being Opened 

HI itt mtex, which IB downwarddj the watet fk)6isi ii^ to the middle 

.of its asli^ Dettermii&e the d^pthj and the relodty with WUxSh the 

water first rushed in* 

6< A c^lmdrieal boehet^ contaiiling a gii^ quantity of #ater^ is 
whirled lound its axis with a giren angular Velocity^ not great 
enough to throw any water over the top. A small orifiOe beili^ 
opened at the centre of the* base, find the q[uantity of water which 
can escape by it, and the time in which a given quantity will flow 
out. 

7. A sphere full of water is placed on a horizontal plane* Find 
the point at which a hole being boted through it perpendicularly to 
its surface^ the water ishall spout to the greatest distance on the hori- 
zontal plane. 

8. Determine the position of equilibriun ef a homogeneous semi- 
parabola in a fiuid^ supposing the axis and the eJLtreme ordinate wholly 
extant. 

d. A vessel full of water has & side loose^ whose shape is a giteii 
triangle^ with the base horizontal^ and vetteit downwards. Find 
the magnitude and poiilt of apt)lication of a force which shall keep 
it in its place. 

10. Define the Metacentre, and show how it may be found. 
Explain how its position determines the stability of a floating body. 

1 1. The height of a homogeneous atmosphere is the same for all 
distances above the Earth's surface. 

13. Describe the construction and action of the common air- 
pump^ and determine the quantity of air remaining in the receiver 
after t turns. 

13. Determine the curve traced out by the extremity of the 
horizontal diameter of a small spherical air-bubble ascending in a 
fluid. 

14. Describe the air-gun, and having given the quantity of ftir 
and the space occupied by it at first, find the velocity of the bullet 
ai eny given point of the lube. 
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IS. The ^tte rftriei As the distatiee^ and the resistdiiee of the 
medium as the square of the velocitf^ Find the Telocity of a body 
desecading iawatdt the centre, atid shew fiom yoUr raiult that when 
the leaitaooe vaniihcs, the Telocity ooineides with that in ft n^^ 
Tttiiiiiig ttediUiiK 



TRINITY COLLIEGE, June 1829. 

1 • FiliiD the efuation to the fturfaoe of re volutioD> itieh that when 
filM with fluidi aiid plaeed with its vertex upwards, the |nreeiiA« 
dte tmy knieoiital section equals Uie pressure on the entire turfliee 
ahoireil* 

2. If two fluids communicate in a bent tube, their perpendicular 
altitudes above ihe ^lane where they meet are inversely as their 
specific gravities. 

S. If a lighter fluicl rest upon a heavier, and their specific gravi- 
ties be as a : 6, and a body, whose specific gravity is c, rest with 
one part P in the upper fluid, and the other part Q in the lower, 

then P ; Q : ; fc — c : c — «r 

4. Define the cenire of pressure, and shew how its position may 
be detetmlned. 

5. In the side of a vertical flood«gate is a rectangular aperture, 
whose sides are vertical. To this aperture is fitted a door moveable, 
in a direction perpendicular to its plane, about a horizontal axis 
passing through its centre of gravity. Given the height at which 
the water stands on one side of the gate ; find the height at which 
it must stand on the other, in order that the door may remain at 
rest. If the water rise on the deeper side, which way will the door 
be pushed open ? 

6. A hemisphere, with a flat lid, filled with fluid, is held with 
a point in its edge uppermost. Find its position when the sum of 
the pressures on the curve and plane surfaces is a maximum. 

7^ It is found that when a small horizontal orifice is opened in 
the side of a cone filled with fluid at a height «» ^ of the cone's 
height, the fluid spouts to the greatest distance on the horizontal 



1 
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plane on which the cone is itanding. Compare the height of the 
cone with the diameter of its hase. 

8. Determine the greatest angular yelodty^ with whidi a sphere 
filled with water may be whirled round its vertical azis^ so as to 
allow the whole of the water to escape by a small orifice at the low- 
est point 

9. A cone fyll of water is pierced with iimumerable holes per- 
pendicular to its surface. Find the boundary of the issuing fluid. 

10. A cylinder whose height is a, and base bj open at the top, 
and filled with fluid, is placed by the side of a paraboloid of equal 
height and base, also open at the top* A communication being opened 
between the vessels by means of a small orifice whose area is Am^, 
shew that the time which elapses before the fluid stands at the same 
height in each 

1 1. Over two pullies in the same horizontal line passes a string 
of inconsiderable weight, to which are attached two cylindrical 
vessels, equal in every respect, containing unequal quantities of water. 
A small orifice of the same size being simultaneously opened in the 
base of each, and the vessels being at the same moment allowed to 
move, find ( 1 ) the quantity of water remaining in one vessel when 
the other is empty, and (2) the time in which this remaining quan- 
tity will run out. (N. B. It is supposed that the ascending vessel 
does not reach the pully towards which it is moving before both are 
emptied.) 

12. Two equal cylinders being placed as in the last problem, but 
containing equal weights of fluids of different specific gravities ; state 
the efiects which will result from simultaneously opening a small 
orifice of the same size in the base of each. 

1 3. Define the Metacentre, and shew how its position determines 
the stability of a floating body. 

14. In an imperfectly exhausted barometer, the depression below 
the standard altitude is to the standard altitude as the space which 
the air left in the tube occupied before immersion is to the space 
which it occupies after. 

15. Describe the construction and action of the common Pumpi 



CoH. 1830.] IM BTDROSTATICS. 61 



TRINITY COLLEGE, May I8S0. 

1. Thb equality of the pressure of fluid in all directions may 
be deduced from the principle^ that when a mass of fluid is in equi« 
lihriiim, the state of rest is not altered by supposing any portion of 
the mass to become solid. 

2. The pressure at any point of a fluid mass of uniform density 
contained in any vessel and acted upon by gravity, is proportional 
to the perpendicular depth of the point below the surface of the 
fluid* In what manner is the pressure estimated^ when it is said to 
be equal to gfth^ g being the measure of the accelerative force of 
gravity^ h the depth below the surface^ and f the density ? 

3. The pressure of a fluid against any surface in a direction ;»er« 
pendicular to it, varies as the area of the surface multiplied into the 
depth of its centre of gravity below the surface of the fluid. 

4*. The pressure of a fluid downwards against the sides and 
bottom of any vessel whatever, is the weight of the fluid contained 
in it. 

5. The wei^^t of P in water was 1 grains, of Q in air 14* grains, 
of P and Q connected together, the weight in water was 7 grains ; 
the specific gravity, of water being 1, and of air "OOIS, shew that 
the specific gravity of Q was *82S7, .and that it was as large as 17*023 
grains of water. 

6. A tube, the upper part of which was bent like a retort, and 
contained a quantity of powder, was plunged vertically into mercury 
to a certain depth, after having been partially exhausted of air ; the 
mercury stood in it at the height /, and after the tube was depressed 
through an additional space a, at the height / — ^ : the powder hav- 
ing been taken out, the tube was exhausted again so that when 
plunged to the same depths as before, the mercury stood at the 
heights / and / — g ; hence shew that if k^ = the transverse section 
of the tube, and A = the height of the mercury barometer, the solid 
content of the powder was * 
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?• Obtain the general equation of the equilibrium of fluids, 

dp =:f{Xdx + Tify + Zdz) ; 

and the equation of conditbn that must be satisfiad that the equi- 
librium may be possible. 

a. When any fluid matt is in equilibrium^ the pefaits of equal 
density lie in continuous surfaces, whish an also soHkees of equal 
pressure. 

9. Prove that in the earth's atmosphere, considered independently 
of the diurnal rotation, the conditions of equilibrium are not satis- 
fled, by reason of the irregular distribution of the heat from die sun, 
and in consequence that winds continually prevail. 

10. A cylindrical vessel of given dimensions containing air, re- 
volves about its axis with a given angular velocity ; it is required to 
And the pressure at the surface of the cylinder, and the law of the 
variation of the pressure from the axis to the surface. 

1 1. Obtain Laplace's formula for t)ie barometric measurement of 
heights. 

12. If fluid of any kind be moving in such a manner that at 
the same point in space the velocity is constantly the same in quan- 
tity and direction, then if X, F, Z be the forces impressed at any 
point whose co-ordinates are x, ^, z, and i; be the velocity at this 
point, 

* 

13. Ascertain the velocity with which air in a large vessel, mi^in- 
tained in a given state of compression, will issue through a small 
orifice into the atmosphere. 

H. Describe the action of the HydmuUc Ram* 

1$. When a body acted upon by a foree tending to a oentn^ de* 
scribes a curve in a resisting medium, the velocity at any point is 
tbftt soquired by falling down one fourth the chord of ourvatui« by 
the action of the force at that point. 

16. If an indefinitely slender column of air, in which 

p = a«D(H-tr), 

be any how put in motion^ and the motion be small, the velocity v 



ml pgndtna^lioA 0* ai a di«t«tfus9 x ftom » fixed poini mi it a tiine 
i rtdKonad ffooi a givAK inslinfe, will ba giren by tbii equftUoiis* 



St. JOHN'S COLLEGE, P«c, 1820, 

L Explain tbe construction and use of a common barometer 
and its vernier. Construct also a self-registering thermometer. 

2. Shew how the specific gravities of solid an4 gaseous bodies 
may be determined. 

3. A body when put under the receiver of a given air-pump 
weighs (a) ounces, and after («) turns weighs (jb) punces, R^yir^ 
the weight of the body in vacuo ; and supposing the specifip gravity 
of the body known, determine the density of the aijr in the receiver 
at first. 

4. A tretrah^dron is filled with watep Having given the langtli 
of one of its edges, and the pre^uire pn tbp base, find tha pifes^ura on 
the sides. 

5. A given cone filled with water is supported with its axis 
indined to th^ horizon at a given angle* Find pn what section 
parallel to the base, the pressure is a maximum. 

6. Given the quantity of air left in a barometer tube before 
imraevnoB, find the height at which the mercury is supported after 
inmenioii. What would be the height if the particles repelled each 

other with forces varying as ^, ^ ^ ? 



7. A diving bell of given dimensions in the fbrm of a hemls* 
pheroid, the seetions parallel to the base being ellipses, sinks till the 
water reaches the middle point of its axis ; find its depth below the 
surface. 

8. A given frustum of a paraboloid whose density is (d) sinks 
to a depth (a) in a fluid, How fkr will a similar and equal fhistum, 
sunilarly ima^ersed^ whose density varies inversely as the distance 
firom the vertex, and at the smaller end is equal to d, sink in the 
same fluids 



64 XXAMINATION FAPBRs [St. John's 

9. The gto&n AMPQ is generated by tlie motion of a Tarii^le 
parabdU apm parallel to itself, the section tlmmgh the axes of the 
parabolas being a right-angled isosceles triangle ANM., Given the 
dimensions of the upper surface PMQ, find the time of emptying 
through a small given orifice at Aj the vessel being full, and the 
axis AN vertical. 

10. A given cylinder rests in water with its axis vertical, and 
two-thirds of it immersed. Suppose half the part extant to be 
suddenly taken off, find the time of an oscillation. 

11. A prismatic vessel filled to a given altitude, has a small given 
orifice made in the middle of its side. Compare the forces at first, 
and after n'', with which the spouting fluid strikes a vertical plane. 
The effects being estimated in a direction perpendicular to the plane, 
whose distance from the vessel is given. 

12. Two equal cylinders A, B, whose density is (2d) and 
altitude (a) are immersed in difierent fluids, viz. A in a fluid whose 
density varies as the depth, and 5 in a fluid of uniform density (rf). 
When connected by a string passing over a fixed pulley they balance 
in a given position. Supposing B depressed through a space (c), 
find by how much it must be lengthened to restore the equilibrium. 

St. JOHN'S COLLEGE, Dec. 1827. 

1. The pressure on any surface immersed in a fluid, is equal to 
the weight of a column of fluid, whose base equals the suc&oe 
pressed, and altitude the perpendicular depth of its centre of 
gravity. 

2. A body is floating between two known fluids, and the part 
immersed in the lower is observed to be the same, as if it were 
floating on the surface of a fluid, formed by the mixture of equal 
quantities of the two fluids; required the specific gravity of the 
solid. 

3. A sphere is full of fluid ; draw that horizontal section which 
shall sustain the greatest pressure, and compare that pressure with 
the pressures on the two surfaces into which |;he sphere is thus 
divided. 

4. Explain the cause, and action of reciprocating springs. 
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5. A given cylinder is excavated beneath into the form of an 
hemispheroid^ having the same base and altitude. How high may this 
be filled with fluids whose specific gravity equals n times that of the 
cylinder^ before it begins to raise it from the horizontal plane ? 

6. A cone with its vertex upwards is filled- with fluidj whose 
density varies as the nth. power of the perpendicular depth^i 
required to compare the pressure on the conical surface with the 
weight of the fluid. 

7* Find the resistance on an oblate spheroid moving in a fluid in 
the direction of its axis. 

8. To find the effect on the graduation of a barometer tube^ when 
the area of the basin is taken into account. 

9. A vessel of fluid in the form of a paraboloid is placed with its 
vertex downwards^ find where a small given orifice must be made> 
that the fluid may continue to issue for the greatest length of time^ and 
compare that time with the time of emptying the whole vessel through 
the same orifice in the lowest point. 

10. The barrel of an air-pump discharges at every stroke into 
the receiver of a condenser. Required the density in the. condenser 
after n strokes^ both vessels being filled with common air at first. 
Also determine the limit to the increase of density in the condenser. 

11. There is a flood-gate communicating with a reservoir of 
water^ in the form of a rectangle^ moveable above its upper edge^ 
which is horizontal^ and at a given perpendicular depth below the 
surface of the fluid. Griven the weight and dimensions of the 
flood-gate ; required at what angle it must be inclined to the horizon , 
that it may confine the water by its weight alone. 

12. A cylindrical vessel of air revolves above its axis, so that the 
velocity of its circumference equals that acquired down n times the 
height of an homogeneous atmosphere. Required the density of the 
au: in the cylinder at difierent distances from the centre^ neglecting 
the effect of gravity on the air. And shew that when n is very 
snudl, the distance of the point where the density remains the same, 

as when the cylinder was at rest, equals-7^. radius ultimately. 
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St. JOHN'S COLLEGE, Dec. 1828. 

1 . Define W, M, and S, and prove that W b= MS. The 
specific gravities of pure gold and copper are 19*3 and 8 62. Required 
the specific gravity of standard gold, which is an alloy of eleven parts 

' pure gold and one part copper. 

2. A sphere floats hetween two fluids of known specific gravity ; 
given the ratio of the portions of surface immersed in each fluid, find 
the specific gravity of the sphere. 

S. A tube of given length is inserted in the side of a vessel of 
fluid at a given depth from the surface. What must be the inclination 
of the tube that the latus-rectum of the parabola described by the 
issuing fluid may be a maximum ? 

4. If the particles of air repel each other with a force varying 
inversely as the nth power of the distance of their centres ; r = radius 
of the Earth, h and H the altitudes of a homogeneous atmosphere at 
the Earth's surface, and the distance x above it, shew that 

« *+ 2 r 4- a? 

5. Construct and explain the action of the air-pump. 

6. Explain how a rudder acts upon a boat. Give its greatest 
effect in altering tha course ; how much is the boat then resisted 
by it ? 

7. A body is projected against a stream whose resistance a t;", 
with a velocity equal to that of the stream. Required the space 
described before the body begins to return ; and shew that, when 
72 ^ 2, this space is the same for streams flowing with different 
velocities. 

8. Determine the length of a gun, that the velocity of the dis- 
charge may be a maximum, supposing the friction of the barrel to be 
constant. 

♦ 9. The vertex of a conical body whose vertical angle is incoii«* 
siderable is fixed in a fluid at rest at a depth below the surface less 
than the length of the cone, and in a known ratio to it. Given the 
relative specific gravities of the solid and fluid, required the positian 
of equilibrium ? 
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10. The area indaded between the ordinate and abscissa of a 
parabolic curve of the nth order is moved into a fluid in the direction 
of its axis with the ordinates parallel to the horizon. Shew that the 
path described by the centre of pressure of the part immersed is 
another parabolic curve of the nth order. 

11. A hollow paraboloid rests on a fluid with its axis vertical. 
A small orifice being made in the lowest pointy required the time 
before the fluid begins to flow in at the top. The orifice is so small 
the momentum of the descending paraboloid need not be taken into 
account. 

12. The surface of a hollow cone is covered with an infinite 
number of equal circular apertures in contact with each other. 
Find the time of emptying when filled with fluid. 



St. JOHN'S COLLEGE, May 1829. 

1. If voj number of pistons be ajpplied to orifices of different 
magnitudes in the sides of a dose vessel filled with fluid, the force 
acting upon them to maintain equilibrium will be proportional to the 
areas of the respective orifices. How will this result be modified 
when gravity is taken into the account ? 

2. Describe the hydrostatic bellows ; and shew that if there be 
an equilibrium, and more fluid be poured in, it ^Ul rise equally in 
the pipe and the other part of the machine. 

3. When a body is sustained between two fluids, to compare the 
parts immersed in each. 

4«. Explain the construction of Nicholson's Hydrometer, and its 
use in finding the e^ecific gravities of fluids, and small solids. 

5. Find the range of a fluid, spouting through a very small 
orifice in the side of a vertical cylinder standing upon a horizontal 
plane. 

6. If a stream impel a plane opposed to it perpendicularly, the 
whole force against the plane ot Asv'^* 

7. If the distances above the surface of the Earth increase in 
arithmetic progression, the corresponding densities of the air will 
decrease in geometrical progression ; what supposition is here made 
respecting the force of gravity? 

F 2 
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8. Explain the action of the forcing pump, and determine the 
pressure on the piston in any position. 

9. If X, Y, Z, be the components of the forces which solicit a 
particle situated any where within a fluid mass^ p be the pressure^ 
and f the density at the same pointy prove that 

dp = } (Xdx + Ydy + Zdz) ; 

and hence deduce the equations of equilibrium of elastic fluids. 

10. Explain the construction of the common barometer; and 
find the corrections to be applied for the sinking of the mercury in 
the basin^ and for the change of temperature. 

11. When a body is sustained in a fluids and the equilibrium is 
slightly disturbed^ find the effort of the fluid to restore the body to 
its position of equilibrium^ or to carry it further from it ; and in the 
former case^ determine the times of the small oscillations which 
ensue. 

12. Find the time of empt3ring a vessel through a small orifice ; 
and shew that in the case of a vertical priism^ the descending surface 
is uniformly^ retaided. 



St. JOHN'S COLLEGE, May 1830. 

1. I^ there be two or more fluids of different densities at rest ia 
the same vessel^ the common surface of every two is horizontal. 

2. The sum of the perpendicular pressures on any surface inu 
mersed in a fluid, i& equal to the wei^t of a column of fluid whose 
base is the area of the surface/- and height the depth of its centre of 
gravity. 

S. The pressure against) the sides of a vessel containing fluid, 
when estimated in the direction of gravity, is equal to the weight of 
the fluid. 

4. Find the specific gravity of a fluid by the common hydro* 
meter. 

5^ Find the altitude of the mercury in the barometer, when a 
given quantity of air has been allowed to remain in the tube ; explain 
the meaning of the two roots. 
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6. Shew tliat as the distance from the Earth's surface increases, 
the density of the atmosphere diminishes; find the height of ail 
homogeneous atmosphere, and shew that it is the same for whatever 
distance ahove the Earth's surface it is computed« 

7. Describe the sea gage, and find the depth of the sea. by means 
of it. . , 

8. Find the density of the air in the receiver of an air pump 
after any numbed of motions of the pistons ; shew that the defect of 
the mercury in the gage from the standard altitude decreases in geo- 
metrical progression. If a barometer be placed under the receiver, 
shew tiiat the sum of the heights of the mercury in it, and in the 
gage, will be constant. 

9. Defbe the centre of j^essure, and find its position in a plane 
surface immersed in a fluid. 

10. Investigate the equation whose roots determine the positions 
of equilibrium of a triangular prism, floating in a fluid with one 
angle immersed; if that angle be the vertical angle of an isosceles 
triangle, find it, when there Ls only one portion of equilibrium. 

1 1 . Investigate the density of the air at a given height above the 
Earth's surface, and shew how the result may be applied to ascertain 
the heights of mountains. 

12. In the common pump find the elevation of the water after 
one ascent of the ^piston, and after any number of ascents. If the 
piston do not descend as far as the fixed sucker, find the limit to the 
elevation of the water. Also find the pressure upon the piston during 
its ascent, both before, and after the water has got above it* 



QUEEN'S COLLEGE^ 1824. 

1 . Suppose a given right cone to be just immersed in a fluid 
with its axis perpendicular to the surface, first with its base, then 
with its vertex downwards, required the pressure upon its whole 
surface in each case. The surface of a cone, not including the base, 
being equal to the circumference of its base, multiplied into half the 
length of its slant side, and the distance of its centre of gravity from 
the vertex two-thirds of its axis. 
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2. It a given isosceles triangle form one side of a vessel^ half 
the perpendicular depth of wbich is filled with mercury, and the 
other half with water, required the line parallel to the horizon, which 
will divide the triangle into two areas, each of which shall sustain 
an equal pressure, the base of the triangle being coincident with the 
surface of the water. 

Sw Supposing a cylinder, given in magnitude and specific gravity, 
to be sustained in an erect position in three fluids of given specific 
gravity, required the depth to which it would dnk in the lowest 
fluid : the specific gravity of the cylinder being greater than that of 
two of the fluids, and less than that of the other, and the length of 
the part of it immersed in the middle fluid given. 

4. Compare the resistance to a given cylinder moving in a fluid 
in the direction of its axis, with the resistance to the same cylinder, 
moving with the same velocity, in a direction perpendicular to its 
axis, 

5. A jet spouts from a tube in the side of a ^ven cylindrical 
vessel filled with water, at an angle of 60*, and strikes the horusontal 
plane, on which the vessel stands perpendicularly, at the greatest 
possible distance from its base ; requir^ the height of the aperture. 

6. If a given cylindrical vessel were to be supplied with "water 
at a given rate, and when full to have an orifice of given area open 
in its base, required the lowest depression of the surface of the water, 
and the time of sinking to it, the supply of water being less than its 
efflux when the vessel is full. 

7. If a cylindrical tube of .given length, closed at one end, were 
let down into the sea in a vertical position, and when drawn up, the 
height to which the water has risen in it observed ; required the 
depth to which it had descended* The weight of the atmosphere 
being supposed equal to that of 33 feet of sea-water. How must 
this tube be graduated^ so that it may be used as a gage to measure 
depths in the sea. 

8. Let a tube whose length is 37 inches, be filled with 21|- inches 
of mercury, with 14 inches of water, and with air in its natural state 
in the remaining part ; required the depth to which the mercury 
would subside after immersion, if the barometer were to stand at 30 
inches 
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9. A barometer^ having some air in the tube^ stands at an alti- 
tude of (a) inches^ being put under the receiver of an air pump^ 
which contains (m) times as much as its barrel^ after n turns it stands 
at an altitude of h inches, required the standard altitude &nd the 
quantity of air in the tube at first. 

10. A receiver whose magnitude is {m) has two barrels connected 
with it; one of which, in magnitude (a), condenses, and the other, 
in magnitude (6), exhausts. They take their strokes alternately be- 
ginning with the barrel (a) ; required their effect after an infinite 
number of strokes. 

1 1. The length of the gage of a condenser is 12 inches, and the 
space occupied by the air in it, after two descents of the sucker, is 
half itiB whole length ,- required the space which the air would occupy 
after the third descent of the sucker. 



QUEEN'S COLLEGE, 1827- 

1. A SQUABB is immersed vertically in a fluid with one comer 
coinciding with the surface : shew how the pressure upon it varies 
for different inclinations of the side to the surface*. 

2. A vessel of given height is filled with a fluid ; where must 
an orifice be made in the side so that the issuing fluid may spout to 
a given distance on the horizontal plane ? 

3. A fluid is whirled round in a bucket with a given velocity ; 
find the latus rectum of the paraboloid which the surface of the fluid 
wlU assume. 

4>. A given empty cylindrical vessel is immersed in a fluid to a 
given depth, and there fixed, an orifice being made in the bottom : 
required the time of filling to its greatest height. 

5. A slender column of fluid oscillates in a cycloidal tube ; shew 
that the oscillations are isochronous. 

6. Shew how the centre of pressure may be found when the 
density varies according to any given law, and find it in a vertical 
square, one side coinciding with the surface, and the density varying 
as the depth. 
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7* The resistance on a cone moving in the directum of its axis : 

ditto on its hase as 3 : 4 ; required the angle at the vertex oE the 
cone. 



QUEEN'S COLLEGE, 1828. 

1. The weight of a vessel heing given when empty, when filled 
with water of given specific gravity, and when filled with some other 
fluid ; find the specific gravity of that fluid. 

2. A rectangular flood-gate turns on a horizontal axis ; find the 
position of the axis, that the water having risen to the tc^ of the 
gate may just, 'by its pressure, be able to open it. 

3. Compare the time of emptying a sphere with the time of 
emptying its circumscribing cube through a small orifice at the 
bottom. 

4. A cylindrical tube of given dimensions, closed at one end and 
partly exhausted is immersed vertically to a given depth, when the 
height to which the water rises in it is observed. Hence find the 
quantity of air in the tube. 

5. Construct the common pump, and find the height to which 
the water is raised by the two first ascents of the piston. 

6. A tube of conaderable length, but of small dimensions in other 
respects, is bent into the form of a circle and made to revolve about 
a vertical diameter. If 30® be occupied by water the rest being a 
vacuum ; required the angular velocity th^t the lowest quadrant mgy 
be 4eserted hy the ws^ter. 



QUEEN'S COLLEGE, May 1829. 

1 . A coNB and a paraboloid of the same aJ titude, floating with their 
vertices downwards, have each |th of the axis above water ; compare 
their specific gravities. 

2. Compare the resistance on the arc of a plane curve moving in 
a fluid, in the direction of its axis, with' the resistance on the base; 
and apply the formula to the case of a semicircle. 

3. A floodgate moving about a vertical axis, is divided by it into 
two parts, one of which is a rectangle, and the other ah inverted 
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right-angled triangle of the same altitude. Given the base cf the 
triangle^ find the width of the rectangle^ so that the gate may just 
open by the pressure of the water^ when it has risen to the top. 

4*. A parabolic vessel^ terminated by the plane^ at right angles to 
the asis^ passing through the focus^ empties itself by an orifice at 
the vertex. Compare the spaces described by the descending surface^ 
in the first and last halves of the time* 

5. A globe descends from rest by its gravity in a medium the 
resistance of which varies as (vel)*. Determine its velocity at any 
point, and the time of descending through a given space. 

6. A small orifice is made in a vessel containing condensed air :. 
determine the time of discharge till the density within equals that 
without. 

7. A tube ABi open at A and closed at B, containing a piston of 
given weight and dimensions, between which and the closed end, .air 
is included, is whirled about ^ in a horizontal plane. Given the 
whole length of the tube, also the length occupied by the air before 
and after the motion ; to find the angular velocity. 

8. What must be tbe dimensions of a balloon, the whole weight 
of which, with its appendages, is 800 pounds ; that it may just rise 
two miles high ; supposing air to have 10 times the specific gravity 
of gas under the same pressure ; that 5 cubic feet of air at the earth's 
surface weighs 6 ounces ; and that the density at the earth's surface 
is four times as great, as at the height of 7 miles ? 



QUEEN'S COLLEGE, May 1830. 

1 . A TRIANGLE is formed by drawing two straight lines from two 
given points in the diagonal of a square, to one of the opposite angles : 
tbe square is then immersed vertically to a given depth, so that one 
of the sides adjacent to the said angle is parallel to the surface ;. com- 
pare the pressures on the three sides of the triangle. 

2. A fiood-gate turns on a vertical axis, the area on one side of 
tbe axis being a right-angled triangle with the base lowest, and on 
the other side a rectangle, of the same altitude. Required the width 
of the rectangle, so that the gate may just open by the pressure of 
tbe water, when it has risen to the top. 
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3. Find thfe depth of a parabolic vessel which dischaiges that 
portion of the fluid that is above the horizontal plane passing through 
the focuS; in the same time with that portion which is below the 

focus. 

4. A cylindrical vessel of given dimensions and full of water is 
pierced at a given point ; find another point in which if it be pierced^ 
the fluid issuing from each orifice may fall on the horizontal plane 
on which the vessel stands, at the same point 

5. If an inverted hemisphere full of air be forced down^ so as 
just to be immersed in mercury ; construct the equation from which 
{x), the height to which the mercury rises within the hemisphere^ is 
to be determined. 

6. Explain the principle of the common pump^ and find the alti« 
tude to which the water rises in consequence of the two first strokes. 

7. Find the time in which the air rushing into an exhausted 
receiver through a given orifice will have acquired a given density 
within. The (velocity)* varying as the pressure^ and h being the 
height due to the initial velocity. 

8. If water ascend and descend in the arms of a cylindrical canal, 
which are every where of the same diameter, and inclined to the 
horizon at any angles ; determine the time of an oscillation. 



ASTRONOMY. 



TRINITY COLLEGE, 1822. 

1 . GivK proofs of the Earth's spherical form. What is its figure 
more accurately ? ' 

2. Define latitude and longitude on the Earth's surface^ and ex-^ 
plain some of the methods of determining the latitude. 

3. Supposing a chronometer set at Greenwich^ time not to have 
varied^ and to indicate 7* 1Q( P. M.^ when by observation the time 
of day at a given place is 1 1* 35^ A. M. Required the longitude of 
the place from Greenwich, 

4. By what phenomena are the periods of a .day and a year ascer- 
tained ? and what is the correct length of the latter^ and what con- 
sequent adjustment of the civil year necessary ? 

5. What angle is the ecliptic inclined at to the equator? and what 
the magnitude of the different zones ? Supposing the poles of the 
ecliptic and equinoctial to coincide^ wbat effect would be produced 
upon the days and nights ? 

6. Required the Sun's place in the ecliptic on. the 31st of May ; 
and thence determine the Sun's declination and right ascension for 
that day. 

7. Required the latitude of a place at which the Sun rises upon 
the N.N.E. point on the longest day. 

8. Explain solar and lunar eclipses very briefly^ and give the 
ecliptic limits for each^ and mention the greatest number of each that 
can possibly occur in a year. 



TRINITY COLLEGE, 1823. 

1. What are the direct proofs of the Earth's motion on its axis, 
and of its annual motion round the Sun } 

2. Point out the necessity and sufficiency of the Gregorian cor- 
rection of the Calendar. 
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3. The ecliptic polar distance of y Draconis, which is atuated 
nearly in the solstitial colure^ is about 15^ Supposing the diameter 
of the Earth's orbit to subtend an angle of 2^' at the star^ prove that 
its distance is at least 200^000 times greater than the distance of the 
Sun. 

4. Project the diurnal path of a star orthographicallj upon the 
plane of the meridian ; and prove upon the projection^ that when the 
star is in the horizon^ 

rad : COS. azim. : : cos. lat. : sin. dec. 

5. In a given latitude, on a given day, to find the time of Sun- 
rise. 

6. Having given the latitude of the place, and the declination of 
the Sun, investigate the equation to the locus of the extremity of the 
shadow which an upright style casts upon an horizontal plane. Prove 
that it is a conic section, and find its dimensions. 

7. Find an expression for the angle which the Earth's disc sub- 
tends at a planet, and shew that some of the necessary observations 
do not require very great accuracy. 

8. How did the ancients observe the angular distance of a planet 
from the Sun ? Shew that this can be found from proper observa- 
tions, without the intervention of a third object, and perform the 
computation. 

9. Assuming the true system, demonstrate the retrograde, and 
stationary appearances of the planet Venus. 

10. If the distance of Venus from the Sun were to the Sun's dis- 
tance from the Earth : : 1 : >/5 ; prove that her greatest brightness 
would be at her greatest elongation. 

11. Give all the steps of the method by which Kepler found 
various distances of the plapet Mars from the Sun, and the angles at 
the Sun contained by those distances, and was induced to conclude, 
that the orbit was not circular but oval. 

12. Describe some of the more accurate methods of finding a 
Meildian Line. 

13. Find the quantity of refraction by the circumpolar stars, 
(Boscovich's method) ; the refraction being supposed to vary as the 
tangent of the apparent zenith distance. 

X4» Transform the expression for the aberration in R.A. of a 
known star to the form m . cos.(L '^ K) wheire L is the Sun's longi« 
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tude, and K his longitude when the aberration is a maximum and pogi- 
tive ; and shew that the R. A. {A), and longitude K, must be in op* 
posite quadrants. 

15. The N. P. D. of every star having the same R. A. is equally 
affected by precession. 

16. Give a solution of Kepler's problem. 

17. Explain La Caille's method of determining the place of the 
apogee of the Sun's, orbit; and shew how its place affects the dura-i 
tioD of the seasons. 

18. Investigate the heliacal rising of a known star at any distant 
period. Give the solution of the requisite triangles^ assuming that 
the Sun is about 12^ below the horizon when a star*of the first mag- 
nitude rises heliacally* 

19* To determine when the absolute equation of time from both 
causes is a maximum. 

20. To find the longitude of a place by observing the difference 
of the times of the transits of the Moon and a fixed star ; the same 
observations having been made at a place, the longitude of which is 
known. 

21." Explain the principle of the method of ascertaining the Sun's 
parallax, by observing the transit of Venus, and the reason of its 
superior accuracy. 

22. Assuming the value (« — 2c + Sc sin./*) of the radius of 
curvature at a place in an elliptic meridian of the Earth, where lati« 
tude is ^, a being the semi-axis major, and c the eUipticity ; find the 
▼alue of a portion of the meridian between two given latitudes ; and 
supposing two such portions to be known from actual measurement^ 
deduce expressions for the diameters of the earth. 



TRINITY COLLEGE, 1824. 

1. On what day of the week will the year 2000 begin ? 

2. Explain the following astronomical terms : 

Correction, Element, Anomaly, Equation. 

S. Find the latitude of a place by observing two altitudes of the 
Sun at a ^ven interval on the same given day. 
4. Find, by observation, the time of the solstice. 
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5. CD is a radius perpendicQlar to the diameter AB of e^ drcle ; 

H O 




EF, EG, FH, are perpendicular to AE, CD, AB respectively. Shew 

that if the angle BAE is made equal to the latitude of a place in the 

torrid zone^ then, when the declination of the Sun in winter is equal 

to the latitude of the place^ his azimuth at rising is the angle DCG, 

BH 
and the length of the day is 'jjy^ X ^^ hours. 

6. How must a horizontal plane he marked ^that the shadow of a 
vertical style may indicate the day and hour ? 

?• Deduce the rules for delineating the orthographic projection of 
a given portion of the glohe on a plane parallel to the horizon of the 
place whose longitude and latitude are each ss 0. 

8. If D and d are the lengths of a degree of latitude and longi- 
tude in latitude 4tB^, shew that the equatorial is to the polar diameter 
of the Earth in the ratio ^2,d I D, 

9. In what latitude can twilight last all night hut once in the 
year? 

10. By means of the foUowing logarithms, calculate the precise 
duration of that portion of a polar winter which is without twilight : 

log. sin.l8o = 9.4899824 log. sin.^S^'Sd' s 9. 6001181 

log. cos.39<> 6' =9. 8898877 log. cos.39o 7' = 9. 889785. 

11. Account for a planet appearing stationary; and find when 
Saturn will appear stationary^ assuming his mean distance to he that 
of the Earth as 19 to 2. 

12. Describe and account for the phsnom^aa exhibited by the 
planet Venus in the course of a synodical. revoiliUionw 

13. Assuming the necessaiy observations^ find the place of the 
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node of the orbit of a planet^ and its inclination to the plane of the 
ecliptic. 

14. The periodic times of the Earth, of Venus, and of Mercury, 
being respectively 365** 6^^ Q^ 11 J", 224«* 16^ 49" lOJ", and 87** 23»» 
15' 431", shew that if a transit of Venus takes place, another may 
be expected at the same node after eight years, but that if it does not 
then occur, there cannot happen a transit at that node before 227 
years more have elapsed; and find the intervals after which transits 
of Mercury at the same node may be expected to recur. 

15. Measure the apparent diameter of the section of the Earth's 
umbra and penumbra at the distance of the Moon. 

16. What is the age of the Moon when she rises about noon, and 
what is her age when she rises about midniglit ? 

17. Prove, that at the full Moon next to the autumnal equinox, 
the Moon rises at nearly the same time for several successive 
nights ; and shew what situation of the Moon in her orbit is most 
favourable to thisphsenomenon. 

18. Wliat are the three principal inequalities of the Moon's 
motion? 

19. By observing the meridian altitudes and diameters of the 
Moon, at its greatest north and south latitudes, find its parallax. 

20. Find the aberration of a given star in right ascension and de« 
clination. 

21. From the mean anomaly calculate the true. 

22. The Sun's parallax is 8'' 73, the Earth's diameter is 7912 
miles, and the eclipses of Jupiter's satellites are seen by us 16^ 26'^ 
later when he is in opposition, than when he is in conjunction. From 
these data deduce the velocity of light. 



TRINITY COLLEGE, 1827. 

1. Define the following terms : zenith, nadir, rational horii^on, 
azimuth, declination, right ascension, the latitude and longitude of a 
point on the Earth's surfeice, and also of a heavenly body ; and illus^* 
trate the several definitions by a figure. 

2. Explain the method of. finding the right ascension of the 
Sun, and the obliquity of the ecliptic 
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. S* Given the latitude of the place and the Sun's declination, to 
find the time when he is on the prime vertical, and his altitude at 
that time. Apply the solution to the following case : 

log. tan. dec. = 9. 45482*75 log. sin. lat. = 9. 8977604- 

log. sin. dec. =s 9, 4378706 log. cos.77^ . 13' = 9. 344401 1 

log. cot. lat. = 9. 8895736 log. sin.20« . 1 7' = 9. 5101012. 

4* To find the altitude and longitude of the nonagesimaL 

5. The angle between any lines on the surface of a qph^re is the 
same |is that between their stereographic projections. 

6. Construct a vertical south-east diaL 

7. Given the lengths of two degrees ci the meridian whose 
middle points are in two given latitudes; to find the compressioii. 

8. Explain the causes on which the equation of time depends ; 
and given the sidereal time = 5^ 5T 56'', find the mean time, sup- 
posing the mean Sun's right ascension when on the meridian 
= 1»» 17' 6". 

9. Define parallax, and explain the method of finding it by means 
of two observers on the same meridian, the Earth being supposed to 
be spheroidal. 

10. Find the lengths of the tropical, sidereal, and anomalistic 
years. 

11. Supposing the atmosphere to be homogeneous, and that m 
denotes the ratio of sin./ : sin.l2 out of a vacuum into the air at the 
Earth's surface ; then for a zenith distance z the refraction 

fii ^^ 1 
= -: — 777- (tan.2 — '00125 tan.2 secz^) nearly, 
sm.l 

12. Find the precession in right ascension and declination of a 
given star; and shew in what case it is increased or diminished. 

13. If the velocity of the Earth be in a finite ratio to that of 
light, shew that a ray proceeding from a heavenly body must strike 
the retina in a different point from what it would do if the eye of the 
spectator were at rest. Find the quantity and direction of the aber- 
ration. 

14. Find the aberration in latitude and longitude of a given 
star. 

15. In an elliptic orbit, where v denotes the true anomaly, 
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cs 

reckoned from the perihelion, u the eccentric, and -777— — i^r^: = c, 

"^ AC -j- BC 

then will 

c sin.u 4* 7? sin.2u 4* -^ 8in.3u + &c. ad infinitum j - 

16. Given the geocentric, to find the heliocentric longitude and 
latitude of a planet. 

17* Enumerate the elements of a planet's orbit ; and explain the 
methods of determining them. 

18. Explain the causes of the stationary and retrograde appear- 
ances of the inferior and superior planets, and point out the difference 
of the two cases as corroborative of the Copemican System* 

19. To find the time, magnitude, and duration of a lunar eclipse. 

20. Explain the method of finding the longitude by the observed 
distance of the Moon from the Sun or from a fixed star. 



TRINITY COLLEGE, May 1828. 

1. Explain the Ptolemaic hypothesis of the solar system. What 
phenomenft would it account for and what not ? 

2. What knowledge of the motions of the heavenly bodies can 
we obtain without knowing the form and magnitude of the Earth ? 
What additional information can we deduce from knowing those 
circumstances ? How are this form and magnitude to be ascertained ? 
Mention when and by whom any steps in this knowledge have been 
made. 

3. Compare the times during which a circumpolar star moves 
eastward and westward. 

4>. Explain the changes produced in the appearance of the stars 
by the precession of the equinoxes. If a known star rose at sunset 
in former ages, how could we determine the period at which this 
happened ? 

5. Explain this method of adjusting a transit instrument so that, 

( 1 ). The line of vision shall be perpendicular to the axis. 
(2). The axis shall be horizontal. 
(S). The motion shall be in a meridian plane. 

o 
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and supposing the radii of the two ends of the axis to be unequal, 
and. the level to be incorrect^ shew how the proper corrections may 
be made. 

6. Explain by what observations Bradley detected the aberration 
of lights and how he distinguished its effects from those of a nutation 
of the Earth's axis. 

7. If the fixed stars have an annual parallax^ its effect on the 
place of a star may be found feom the formule for aberration^ by 
supposing the longitude of the Earth to be 90°* greater than it 
really is. 

8. If a be the right ascension^ and 9 the north polar distance of 
a star, A its co-latitude, u the obliquity, 

8in.«| = 8in.{ K- + ^)+M} 8in.{ J(«' + 5) - 3f }, 

where sin.^itf s= sin.tf sin.) sin.^ J(90 — a). 
Apply these formulse to a Arietis, 

a = 1»» 56°™ 45» -9. 

S = 67« 25' r'-7. 

u = 230 27' . 46''-3. 
log. sin.l7« 52^ 12" -3 = 9-4?869392. 
log. sin.230 27' 46" -3 = 9-6000517. 
log. sin.27<» 34' 11" -7 = 9-6654221. 
log. sin.300 24' 15"-75 = 9-7042361. 
log. sin.40<> 1' 11" -3 = 9-8082463. 
log. sin.63o X8' 36" -3 = 9-9510705. 
log. sin.67« 25' 1" -9 = 9-9653546. 

9. Shew how we may find the time at which the aberration of a 
given star in declination is ; and apply this to a Arietis, of which 

the latitude = 9« 5T 37", log. sin. = 9-23796. 
the angle of position = 2a> 39^ 52", log. tan. =s 19-57653. 

65'' 21' 50", log. tan. « 10'83857. 

10. Prove the formula for the effect of precession in R. A. 

da = 50" (cos.ftr + cot.) sin.w tdiLa). 
How are the stars situated for which this correction is .^ 

11. A known star is observed to pass the prime vertical to the 
east and west, and the intervening time is observed; find the latitude. 
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12. In the last question supposing an error of 1 second of time 
in the observed interval ; find the corresponding error in the latitude 
deduced. 

13. Find the position of the ecliptic at any instant^ the angle 
which it makes with the horizon^ and the point where it cuts it. 

14. Explain under what circumstances Venus will be direct and 
retrograde ; and her distance being '723 the Earth's^ find how long 
after conjunction she will be stationary. 

15. In an orbit of which the eccentricity is e, the true anomaly 
V, the eccentric anomaly m ; if sin, i = e, the equation of the centre 
will he greatest when 

• 1 / \ • sin.Jf 
sm. J {v — u) = sin.tt ^ • 

ods.^ff 

16. If u he the distance of the Sun from the solstice in R. A.^ 
y the defect from the solstitial declination^ » the obliquity^ 

^ = tan.^^M sin.2« — | tan.'^jM sin.4« + &c. 

17. Supposing iS'' to be the true Sun moving unequally in the 
ecliptic, S^' a point moving equably in the ecliptic, /S"' a point 
moving equably in the equator in the same time, explain the orders 
of arrangement which S\ S", S"' will assume in the course of a 
year. 

18. Shew that on any hypothesis of the density of the atmo- 
sphere, the refraction 

1 — 19/ 

= xD (tan.Z — m tan.Z sec^Z), 

I -\- at 

and explain how m is found. 

19. A ship sails perpetually due N. E. : what wilt be the length 
of its course before it reaches the pole, and the area included ? 

20. What day of the week was April 27, 1769 ? What are the 
rules for this calculation ? 

21. The sphere being orthographically projected on the horizon 
of a given place, give rules for describing the meridians and 
parallels. 

22. A ladder leaning against a south wall happens to be inclined 
to the horizon at an angle equal to the latitude of the place : shew 
that the shadow will occupy the same situation every day at the same 

G 2 
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hour ; and determine the position of this shadow on the wall and on 
the ground. 

23. Shew how the difference of longitude of two places may be 
determined by observing the transit of a star and of the Moon at 
the two places. How far does this method depend on the accuracy 
of the lunar tables ? 

24'. Find the place of the node of a planet's orbit from 
observation. 

25. Find the inclination of the Sun's equatw to the ecliptic, 
and the time of the Sun's rotation. 



TRINITY COLLEGE, June 1829. 

I. In what respecta does the received system of the universe 
differ from those supposed by Ptolemy and by Tycho Brahe ? 

^2. Give a brief account of the solar system, stating what is 
known concerning the relative distances of the planets from the Sun, 
and the satellites from their primaries. 

S. Explain the distinction between solar and sidereal time. 
Which of them is kept by the Observatory dock, and for what 
reason? 

4. What 18 the nature of the observations made at the Observa- 
tory, and what is the object of them ? 

5. At what time of the day, when the Sun^s declination is 
20^ 16', will the length of the shadow of a vertical gnomon be just 
equal to the height of the gnomon itself? 

6. Explain the method of finding the latitude of a place from 
two equal altitudes of the Sun observed on the same day, including 
the correction for a change of declination during the interval. 

7. What is meant by the first point of Aries ? How does it 
happen to be in the constellation Pisces ? How is its place at any 
time determined? 

8. The right ascension of a star being 18*> IV IS^', its declination 
10» 4' 31", and the obliquity of the ediptic 23o 28' ; required the 
star's latitude and longitude. 
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9. If z represent the zenith distance of a star^ t the excess of the 
height of the thermometer above 50^ b the height of the barometer^ 
the refraction is 

h ' 1 8t 

-77-: • T-; — - 5T''S2 (tan. z^ntBXiZ sccz'). 
29'b i •{• at 



How was this formula obtained ? 

10. Explain the effect of parallax. Which of the heavenly 
bodies does it affect ? How is the quantity of it determined ? 

11. Investigate the alteration caused in the right ascension and 
declination of a star by the precession of the equinoxes. 

12. Explain the phenomenon of the aberration of light. 

18. Explain the method used to find the time^ magnitude^ and 
duration of a lunar eclipse. 

14. Explain the method of constructing a sun-dial to be affixed 
to a given vertical wall. 

15. What kind of sun-dial should be used at the equator ? 

16. Explain the method of drawing a meridian Une. 

17. In latitude 39^ 54s' N. longitude S5<» SO W. the altitude of 
the Sun's lower limb, on the 7th of May, at 5^ 30' S^T P. M. per 
watch, was observed to be 15® 40' 57"; required the error of the 
watch. 

Refraction 3' 19". 

Parallax 0' 9". 

O's semi-diam 15' 10". 

O's dec. Oh, May 7...17<> 6' 24" N. 
ditto 8...17<»21 34". 

18. On the 15th of May, in altitude 33<> 10' N., and longitude 
18® W., about 5 o'clock, A. M. the Sun was observed to rise E. by N. 
Required the variation of the compass. 
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TRINITY COLLEGE, May 1830. 

1 . Give a brief sketch of the motions which are observed to take 
place among the heavenly bodies. 

2. Define the terms latitude and longitude, as applied to places on 
the surface of the Earth, and enumerate the methods employed to 
determine them. 

3. What is meant by an error in the line of collimation of a 
transit telescope ? How is it detected } 

4. Detail the method used to draw a meridian line, with the 
correction for the change in the declination of the Sun during the 
interval of the observations. 

5. The altitude of the Sun's centre was observed one afternoon 
in London, (latitude 51^ 32 ) to be 38^ 19', its declination being at 
that time 19® 39' N. Required the hour of the day. 

6. The latitude of a Star being 16® 3' S. Its longitude 
2» 25° 52', and the obliquity of the ecliptic 32® 28', required the 
sidereal time of its passage over the meridian. 

7. It is required to calculate the tibe of the Sun's rising, in 
London, from the following data : 

Sun's declination =17** 33' Sun's semidiameter =16' 

Horizontal refraction = 32* Parallax = 9'. 

8. Prove that for small zenith distances the refraction varies 
nearly as tan.z. 

9. Explain the nature of parallax, and determine the amount by 
which it affects the apparent diameter of the Moon. 

10. Explain what is known, as a matter of fact and observation 
with respect to the precession of the equinoxes and nutation of the 
Earth's axis. 

11. Find the effect of aberration on the latitude of a Star. Show 
what it becomes when the Star is supposed to be at the pole of the 
ecliptic. 

12. Explain the terms mean and true anomaly, and show how the 
latter is to be deduced from the former, in an elliptic orbit of i^mall 
eccentricity. 



/ 



ColL 1830.] IN ASTRONOMY. 37 

IS. Explain the term equation of time, and show on what it 
depends. 

14. Given three distances of a planet from the Sun^ a^ the 
corresponding arguments of latitude^ to find the place of the peri* 
helion^ and the true anomaly at the first ohservation. 

15. Detail the Lunar Inequalities, in the order in which they 
were discoyered. 

16. Show how to find the time> magnitude^ and duration^ of a 
lunar eclipse. 

!?• Determine the number of solar and lunar eclipses^ which 
may^ or which must^ take place in one year. 

18. From the following observed values of the Sun's declination, 
at noon> find^ by interpolation, the time of the solstice. 

June 19 ..230 26' 39" 

20 ...23 27 23 

21 23 27 42 

22 23 27 37. 

St. JOHN'S COLLEGE, June 1820. 

1. If two sides of a spherical triangle be equal to a semicircle, 
the arc drawn from the vertex bisecting the base is a quadrant. 

2. If two sides of a spherical triangle be less than a^semicircle, 
the angle opposite the less side is less than 90 degrees. 

3. If a great circle be stereographicallv projected, the radius of the 
projection is the secant, and the distance of its centre from the centre 
of the primitive is the tangent of the inclination of the circle to the 
primitive. 

4. Having given the Sun's declination and diameter, and the 
latitude of the place ; find how long the disk is in rising. 

5. Find the absolute quantity of refraction for considerable 
altitudes according to Boscovich's method. 

6. On a certain island the Sun was observed to be vertical when 
on the meridian. The declination was found from the tables to be D 
degrees ; and the time of sunrise at Greenwich to be T, and of sun- 
set t hours before that observed by the chronometer. Find the 
distance and bearing of the place from Greenwich. 

7. Having given the Sun's rising, amplitude, and altitude when 
on the prime vertical, determine the latitude of the place. 



88 BXAMINATION PAPERS [St. Johu's 

8. The Sun's declinatian whicb is given^ is greater than the eb- 
latitude which is also given. Determine the nature and dimennons 
of th^ curve which is traced out by the end of the shadow of a 
vertical stick on an horizontal plane. 

9. Determine^ from, three observations of a spot on the Sun's 
disk^ the inclinatio9of the Sun's equator to the ecliptic^ the longitude 
of the ascending node^ and the time of the Sun's revolution on its 
axis. 

10. When a planet is stationary, the horary change in elongation 
is to the horary change in annual parallax as the periodic time of the 
planet to the periodic time of the £arth. 

11. Find the shape and dimensions of the Moon's penumbra. 

12. Explain how the Sun's parallax may be found by the transit 
of the inferior planets. 

13. By the effect of aberration, a Star's latitude is least when 
the Sun's place is 90 degrees before the Star's place in the eelipticy 
and from that time the increment in latitude varies as the versed sine 
of the. Sun's longitude, reckoned from that point. 

14. The longitude is least when the Sun is in syzygy with the 
Star, and from that time the increment in longitude will vary as the 
versed sine of the Sun's longitude reckoned from that point. 

15. If a Star be situated very near the pole of the ecliptic, the 
decrement of the appatent longitude varies as the versed sine of tbe 
Sun's longitude, reckoned from a point 90 degrees behind the Star's 
place in the ecliptic. 

St. JOHN'S COLLEGE, May 1823. 

1. Given the two sides and included angle of a spherical 
triangle; find the third side, and adopt it to logarithmic com- 
putation. 

2. If the sides AC, BC of 9l spherical triangle be produced to D 

AT? .1, .. ^C DC ' EC BC ^ . , 

and L, so that tan. -^ : tan. -^- : : tan. -3- : tan. -—-, the triangles 

have equal areas. 

3. Mention some phenomena that can be accounted for by a real 
annual and diurnal motion of the earth, but not by a motion of the 
sun and heavens. 
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A 

4. Explain the vicissitttdes of the Seasons^ and the cause of their 
different lengths^ writing them down in the order of duration. 

5. If two known stars^ observed at the same time in the same 
vertical^ come to the meridian at intervals h and h' respectivelj, find 
the latitude of the place. 

6. Draw a meridian from observing the shadow of a vertical 
gnomottj when the Sun is near the solstices^ and correct for a small 
change m dedinadon during the observation. 

7. At a given place^ stars situated in the equator appear to rise 
quickest. 

8. Construct a horizontal dial> and shew how such a dial, calcu<« 
lated for latitude (a), must be graduated so as to serve in latitude 

(i). 

9. Given the altitude through which the Sun's centre is raised 
by refraction, find the corresponding diminution of its horizontal 
diameter. 

10. If z and / be two zenith distances of a planet observed at 
places on the same meridian whose latitudes are / and F, 

^ 1. . 1 n z + / — (/ + • 

the horizontal parallax = — ; ; — ; — —• 

sin.z + sm.z 

11. The annual precession in declination of a star is 50^ cos.il 
X nn./, A and / being the right ascension .and obliquity. 

12. Whence does the latitude of the Sun arise ? find its greatest 
value, supposing the Earth, Sun, and Moon, the only bodies in the 
system. 



St. JOHN'S COLLEGE, 1826. 

1. The sines of the arcs, drawn from the angles of a spherical 
triangle perpendicular to the sides, are to each other, inversely as 
the sines of the sides on which they fall. 

2. Bisect a given spherical triangle by an arc drawn from one 
of the angles. 

3. Prove Napier's rules, when the complement of the hypothe- 
nuse is made the middle part. 
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4* In the stereographic projection^ find the radius of the pro- 
jection of a circle whose plane is perpendicular to the primitive. 

5. By what observations does it appear that the diurnal motion 
of the heavens is circular ? 

6. Explain how the formula of refraction are corrected for tem- 
perature and atmospheric density. 

7. Given the difference in the lengths of the day and night 
when the Sun is in the equator ; find the horizontal refraction ; 
neglecting the Suns motion. 

8. If P be horizontal parallax of the Moon, p any other parallax 
when the apparent zenith distance is z + p> shew that 

sin.z . „ sin.Sz . on • « 

P = -T— r7« Sm.P + 25-: rj, • Sin.^P + &C. 

sm.l 2sm.r 

and explain distinctly that part of the proof in which an arc ex- 
pressed in parts of the radius is converted into an equivalent angle. 

9. Find the major and minor axis of the ellipse which a given 
star appears to describe in consequence of aberration. 

10. Find, by observations made at any place, the bearing of a 
distant terrestrial object. 

1 1. From the given difference of the times at which two known 
. stars reach the same altitude, find the latitude of the place of ob- 
servation. 

12. Having given two observed declinations of the Sun and the 
Sun*s right ascension ; explain why the method is practically less 
accurate than that of Flamstead. 

13. Given the Sun's greatest and least motion in longitude; 
find the eccentricity of the Earth's orbit. 

14. State distinctly the steps by which a person may find his 
latitude, longitude, and the time; supposing him possessed of the proper 
instruments and tables, and a good chronometer which he has neg- 
lected to wind up. 
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St. JOHN'S COLLEGE, May 1827. 

1. In the solution of oblique-angled spherical triangles^ explain 
in what cases there is an ambiguity. 

2. Given two sides of a spherical triangle^ and the arc bisecting 
the included angle^ and terminating in the opposite side ; solve the 
triangle. 

3. If A be the length of an arc in Mercator's projection^ between 
the equator and latitude (x)^ shew that 

tan.x = J ( 6^ - i"^). 

4. In a given latitude it is observed, that when the Sun is due 
east, the difference between his altitude, and the hour-angle from 
idx, is a maximum ; find the time of observation, and day of the 
year. 

5. A horizontal dial being constructed for a latitude (x), is fixed 
in another (x'); find when the error will be the greatest. 

6. Shew that the equation of time vanishes four times a year. 

7. At a given place, find when the Sun's motion in azimuth : 
the motion in altitude : : radius : sin. zenith-distance, and determine 
the highest latitude where this can occur on a given day. 

8. Find the annual parallax in longitude 6f a heavenly body, 
and shew that it is greatest when the aberration is least, and con- 
versely. 

ft 

9. A comet is observed to be in its perihelion 27 days after pass- 
ing its node, and 5 days after that to be in its node again. Given 
the perihelion distance, shew how the position of the axis of the 
orbit, and the comet*s distance at the times of observation may be 
found. 

10. Two towns A and £ are so situated, that when it is noon 
on a given day at A^ the Sun is just rising at B. Given the lati- 
tudes of A and JB, find the latitude of a place equally distant from 
both, and A® west of A. 

11. A person sees a new comet, and, having no instrument with 
him, finds, by stretching a thread before it in one direction, that it 
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appears in the same line with two known stars^ a and 6 ; and by- 
changing the direction of the thread with two other known stars, c 
and d* Henoe^ find the comet's place^ the longitudes of a and b 
being supposed equals and also of c and d, 

12. Expliun the method of finding the Sun's parallax by means 
of a transit of Venus, and give the reasons of its superior accuracy. 



St. JOHN'S COLLEGE, May 1828. 

1. Given the angles A, B and the side a of a spherical triangle, 
find the remaining sides and angles. 

2. The angles of a spherical triangle form a progression whose 
common difference is 45^ and the area : the sphere : : 7 : 48 ; find 
the sides of the triangle. 

3. Find the radius and place of the centre of the ecliptic pro- 
jected on a parallel of latitude, the eye being situated in the pole of 
the equator. 

4. If a known star appear due east two sidereal hours after rising, 
at what time after will it appear south ? 

5. The meridian plane is taken for the vertical passing through 
two given stars, which are supposed to have the same right ascension, 
find the error in the plane of the meridian, supposing the star's right 
ascension to differ by a very small angle a* . 

6. If two stars with known declinations rise together, but cross 
the meridian after a given interval, find the latitude of the place. 

7. In what latitude does the shadow at 8 o'clock in the morning 
move at the same rate on the horizontal and on the vertical south 
dial? 

8. Find the aberration in declination of a given star, and shew 
how the coe£Scient of aberration may be determined from observa- 
tions made on the declination of a star in the solstitial colure. 

9. Determine the parallax of a heavenly body by observations 
made out of the plane of the meridian. 

10. Three observations are sufficient in theory for determining 
the elements of a planet's orbit. 

11. If a superior planet which describes a circle in the ecliptic 
appear stationary, find ihe difference of heliocentric longitude of the 
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earth and planet^ and shew that this could not take place unless the 
earth moved. 

12. If the heliocentric latitudes of a planet taken at equal in- 
tervaU are 5« 16' S(f, 5° 17' U", 5° 17' 33", 5« 17' 28" i find the 
inclination of the planet's orhit to the ecliptic 



St. JOHN'S COLLEGE, June 1829. ' 

1. Shew that in the solution of oblique-angled spherical tri-^ 
angles there can only arise four cases, and write down the equation 
for each ; also prove the following one, 

cot A sin.C = cota sin.6 — cos.C cos. 6, 

and by means of a subsidiary angle deduce from it any one of the 
quantities, in a form adapted to logarithms, when the other three 
are given. 

2. Prove Napier's rules for the solution of right-angled spherical 
triangles, when the complement of an angle is middle part ; and 
explain under what modifications they are applicable to the solution 
of quadrantal triangles. 

3. Determine the time by an observed altitude of the Sun, and 
correct it for a small error in the altitude ; and hence find the longi-i 
tude of a ship that is provided with chronometers. In what respects 
does a chronometer difier from a common watch ? 

4. Define the angle of position of a star, and compute it from 
the right ascension and declination. 

5. Find the Sun's azimuth at setting, and shew how the result 
may be applied to determine the variation of the compass. Is the 
deviation of the magnetic needle from the north always nearly the 
same at the same place ? 

6. By what observations is the existence of refraction proved ? 
What is its effect on the heavenly bodies ? Correct the mean re- 
fraction for a change in the pressure and temperature of the at« 
mosphere. 

7. To find the aberration in right ascension and declination of 
a given star^ and the time of the year when it vanishes in each case. 
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8. If n and L represent the height of the nonagesimal and its 
longitude^ I and A the longitude and latitude of a star^ P the hori- 
zontal parallax ; prove that the parallax in longitude 

j^ sin.w 8in.(Z« — I) 

C08.X 

parallax in latitude = P {cos.n CO8.A — sin.n sin.X cos.(Zr — /)}* 

9. To find the longitude of the perihelion^ and the time of the 
Earth's passing through it. 

10. Shew that the planets are opaque and spherical^ and ^hat 
they do not revolve round the Earth ; also find the longitude of the 
node of a planet's orhit^ from observations made on the planet when 
in its node. 

11. To find Jupiter's distance^ from an observed eclipse of a 
satellite. Mention some of the peculiarities in the motions of 
Jupiter's satellites, and the Astronomical discoveries to which they 
have led. 

12. Explain the Moon's phases; account for the faint light ob- 
served on the Moon's disk when in conjunction, and also when sufibr- 
ing an eclipse. 



St. JOHN'S COLLEGE, June 1829. 

1 . In a spherical triangle whose sides are a, b, and included 
angle C, prove that half the spherical excess 

= m sm.C — -- sin.2C + — sin.3C — &c, where tan.- tan.-=ni. 

2 3 2 2 

2. A plane triangle whose sides are a, 6, c is placed in a sphere 
radius = r ; prove that the angle between the arcs of great circles 
of which a and h are the chords, will be 90°, if 



3. If three stars have the same altitude, the difference of azimuth 
of any two is twice their angular distance as seen from the third. 
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4. If z, 7^f be the zenith distances of a star when in the same 

vertical on different sides of the meridian ; prove that tan. -.tan.— is 

2 2 

the same for all stars that have the same declination. 

5. If BC represent the suhstyle, AC the six o'clock hour-line of 
a horizontal dial ; and if AB be any line placed between them so 
that £C sin. lat. =i AC, M its middle pointy H & point in MB 
such that MH =z AM. tan. (4-5 — k) ; prove that if CH be joined^ 
it is the hour-line corresponding to the hour-angle {k) ; and explain 
the superiority of this as a practical method of constructing horizontal 
dials. 

6. Suppose the latitude and longitude of a place on the Earth's 
saiface are given ; investigate formulse for finding the latitude and 
lon^tude of another place very near the former^ whose bearing and 
distance are known. 

7. The stereographic projection of any diametral section of an 
oblate spheroid^ on the plane of the equator^ is a circle ; the eye being 
placed in the pole ; find its centre and radius. 

8. When the equation of time is a maximum^ the Sun's longi- 
tude (/) must be derived from the equation 

C08.U {\ +e cos.(/ — »)} = (1 — c2)f (1 _ sin,2/ ^^^^^ 

where (a) denotes the longitude of the perihelion* 

9. Investigate the formula of lunar nutation in right ascension^ 
and find the longitude of the Moon's nodes when it is a maximum. 

10. The geocentric latitudes of an inferior planet at two succes- 

S 
sive conjunctions with the Sun^ separated by an interval -^wereob* 

served to be j? and ^, the planet in both cases being nearly 90^ from 
its node ; if t be the inclination of its orbit> shew that 

. /^ + PU 8in.(ig - g^) 
cos.t = I -^t; — y • -: — ., . ^ 9 
\ S / sm-C^ + iT) 

where P equal one year. 

11. To explain the physical cause of solar precession^ and to in- 
vestigate its quantity for any given time. 

12. Shew that the attraction of the perimeter of an equilateral 
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spherical triangle on the centre of the sphere 

6tan.«|^3—48in.«|^|» 



=y 



where (a) = length of its side ; the attraction of a quadrant of m 

1 1 
great circle heing reckoned unity^ and force QC — ■ Explain the re- 
sult when a = 12a>. 



Si\ JOHN'S COLLEGE, May 1830. 

1. Investigate the properties of the supplemental triangle* 

2. Prove Napier's analogies. 

3. When the vertical plane, in which a transit instrument move8> 
nearhr coincides with the meridian, find the deviation hy means of 
the observed superior and inferior transits of the same circumpolar 
star. What other errors affect the adjustment of a transit? How 
are they found out and corrected ? 

4. Find the right ascension of the Sun and the obliquity of the 
ecliptic 

5. Find the length of a tropical, a sidereal, and an anomalistic 
year. 

6. Find the refraction considering the atmosphere homogeneous* 
Determine the coefficient of refraction. 

7* Determine the parallax of a heavenly body by observations made 
in the plane of the meridian. How are the effects of parallax to be 
extricated from those of refraction? 

8. The aberration of a star = 2(f''25 • sin. Earth's way. Find 
the aberration of a star in right ascension. 

9. Investigate the relation between the true and mean anomaly. 
Find the equation to the centre in orbits of small eccentricily. 

10. Find the node of a planet's orbit from observations made on 
the planet in its node. 

1 1 . Find the longitude of a place by the observed distance of the 
Moon from the Sui^ or from a fixed star. Are any other observations 
necessary? 

Explain the method of finding small differences of longitude by 
means of signals made on the Earth's surface. 
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12. Construct a dial on a plane inclined at an^ given angles to 
the meridian and horizon. • 

Of what nature is the error in the time shewn by a dial ? What 
are the sources of the error ? When does it vanish ? 

13. How does the projection of a small portion of the Earth's 
surface near the edge of the projection. differ from that of the same 
portion near the centre^ in the two projections commonly used ? 



St. JOHN'S COLLEGE, May 18S0. 

1. In a spherical triangle where a,byCaie given, prove that c 
may be found from the formula 

P . . C 

sin.* - = sin.fl sin.6 cos.^ —> 
2 2 

c . a + b + ^ . a + 6— ^. 

8in.2-; s= sin. sin. > 

2 2 2 

explain why these formulae are inconvenient when the side c is nearly 
180^, and investigate similar Ones suited to that case. 

2. If a, P he arcs drawn from the right angle C of a spherical 
triangle respectively perpendicular to, and bisecting the hypothenuse ; 
prove that 

cot. a = \^{cot^a + cot.^6), 

A/(sin.2a + sin.^i) 

tan.i3 = y-^ . , • 

cos.a + C0S.6 

3. The hour-angle of a star, whose declination is ^, when seen 
io a certain vertical plane is k, and when nexjt seen in the same ver- 
tical plane its hour angle is k': prove that tan..latitude of the place 



cos. 



COS. 



2 

tan.^. 



2 

4'. The angle between the shadow on a horizontal dial, and the 
position it would occupy if the style were vertical, is at any time the 
complement of the angle between the vertical circle passing through 

H 
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the S01I9 and that which euU hii dedinotion circle at right angles ; 
shew that at the equinoxes this angle is the greatest at 3 o'clock. 

5. Given the latitudes of two places, find the radios and position 
of the centre of the stereographic projection of the parallel passing 
through one, upon the horicon of the o^her. 

6. The angular motion of the shadow of a vertical gnomon on a 
hprizontal plane will be the greatest, when it« length 



= « y (cot-f - 1) ; 



a being the length of the gnomon, and • tlie altitude of the Sun 
when on the prime vertical, on the given day. 

7. How is it shewn that the diameter of the Earth's orbit sub- 
tends an evanescent angle at the fixed stars? If the fixed stars have 
an annual parallax, shew that the formuls for aberration three months 
after the present time will represent its effects on their places. 

8. The great circles in which a circumpolar star's motion seems to 
lie at three poinis of its course, are produced to meet, and the points 
of intersection are found to have the same latitude X ; if d be the de- 
clination of the star, prove that sin. obliquity 

= s/(sin.«(5 — X) - cos 2x cos.«5). 

9. In a given latitude, and on a given day, find how long the Sun 
will be in rising, and where and when he will rise. Also determine 
that star which rises in a given point of the horizon at the same in- 
stant as the Sun's centre. 

10. Describe the repeating circle, and its use in finding the 
angular distance between two objects by the method of crossed obser- 
vations. 

11. To calculate the places on the Earth's surface where a given 
solar eclipse is visible. 

12. If a ship sail in the shortest course from a place in latitude /, 
to a place in the equator, prove that in latitude /', where cot.^/' = 
cot.^Z -f cosec.% she will be nearer the end than the beginning of her 

course by a distance = -r ^ > ^ and b being the semi-axes of the 

terrestrial spheroid, and n the length of the normal at starting, at 
which time alsojhe ship's course is perpendicular to the meridian. 
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CORPUS CHRISTI COLLEGE, May 1830. 

1. EnuxbAatb the arguments bjr whieh the diurnal rotation of 
the Earth round its axis, and its annual motion round the Sun, are 
established. 

2. Find the length of the normal at any point of the terrestrial 
meridian in terms of the latitude ; and thence, by means of a seconds' 
pendulum determine the compression. The Earth being supposed to 
be an oblate spheroid of small eccentricity. 

3. Define the Geodesic line, and shew thai it is the shortest line 
that can be drawn on the Earth's surface between any two points of 
it8course« 

4. Explain the nature and use of the common vernier. 

5* Given two altitudes of the Sun, and the time betweetl ; find 
the latitude and hour-angle. 

• 6. Prove Brinkley's formula for the mean refraction, and shew 
that it is reducible to the san^e. form as Bradley's. 

7. The refraction being s m • tan.:; 4* m' • (tan.z)' ; give Lacaille's 
method of oomputing th6 coefficients. 

8. Find the efibcts of parallax on the hour>angle, and declination 
of a heavenly body. 

9. Define the terms^t Precession and Nutation, and find the e£fects 
of the former on the right ascension and declination of a given 
star. 

10. Find the longitude of the perihelion, and the time of the 

Earth's passing through it. 

« 

11. If II = the true anomaly, 



ft . / ±s ••• mean 



a = ••• eccentricity. Then, t being small; 
9^n.t + i.t t\n,nt + -^ . sin.2 . nt nearly. 

12. Supposing a Comet to move in an orbit of great eccentricity ; 

H 2 



}^.\ f~. 



O70520 
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investigate the following fonnula for detennining the distance (f) of 
the Comet from the Sun^ corresponding to given anomalies ; 



I'KaTTfco} 



sss sin.0.sin.f — i,an.2B.mi.2p + ^•sin.SO.sin.Sf — &c. 

where 6 == J • sum of the true and eccentric anomalies, 
and f s= I their difference. 

13. Define the equation of the centre^ and shew that in the 
Earth's orbit, its greatest value is nearly equal to twice the 
eccentricity. 

14. Given three distances of a planet from the Sun, and the 
corresponding arguments of latitude : find the place of the perihelion, 
and the true anomaly at the first observation. 

15. Explain the phases of Venus. State qIso M. Schroeter's 
reasons for supposing that her atmosphere is much denser than that 
of t^e Moon. 

16. Find the time, magnitude, and duration of a lunar eclipse. 

17. The orthographic projection of the rhumb line on the plane 
of the equator is an hyperbolic spiral. 

18. Construct an horizontal dial for a given latitude, and de- 
termine the position of the laist hour^line. 

19. Given the Sun's altitude; find at what angle a straight rod 
must be inclined to the hori^son, that the length of its shadow may 
be the greatest possible. 

20. Describe fully the lunar method of determining the longitude 
at sea. Give also the analytical process adopted by Borda, for 
determining the true distance. 

21. Given, tan.-MO= 14711276, 

tanr' 11 = 1-4801364, 
tan.-i 13 = 14940244, ♦ 

find tan."^ 11*63 by the method of interpolations: 

22. Find the time of year when the duration of twilight is 
shortest. 

23. Whence does it appear manifest that the Moon is surrounded 
by a much rarer atmosphere than that of our Earth ? From what 
circumstance did some of our astronomers formerly deny the existence 
of an atmosphere at the Moon ? 
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24. Supposing the Earth's orbit to be a logarithmic spiral^ find 
the equation to the aberratic curve. 

25. Explain the method of least squares as given by Gauss; 
and show that it gives the most probable values of the unknov^n 
quantities. 

26. Determine the Sun's parallax by means of a transit of Venus 
over the Sun's disk. 



CAIUS COLLEGE, May 1830. 

1. Fa — ^. Find the time of a body descending in a straight 

line from a given point to the centre of force. 

2. JP oc — T. A body is projected from any point in any direc-^ 

tion with a velocity equal to that from infinity. Find the equation 
to the curve described, the position of the apse, and the whole angle 
described before the body falls into the centre. 

3. A body is revolving in an ellipse, round the focus, and at the 
extremity of the axis-minor half the force is suddenly taken away ; 
determine the alteration which takes place in the form of the 
oibit. 

4. Prove that the force by which the cissoid may be described 

fcoseC'd^^ 
round a centre of force in the cusp varies as -^ — , where d is the 

angle which the radius vector (r) makes with the axis. 

5. Find the time of an oscillation in a circular arc, when the 

force in the direction of the curve varies as -r — , d being the distance 

sin.fl ® 

from the lowest point. 

6. A body is describing a circular arc, and acted upon by a force 
tending to a given fixed point without the circle; determine its 
velocity at any point. 

7. The particles of a cone attracting with a force which varies as 

1 
-^ , compare the attraction on a particle in the vertex with that on 

a particle in the centre of the base. 
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8. Find t(he oentrQi of pressure of a semi-pamboih iminened 
vertically in a fluid> with its vertex just ooineidcnt with the surface 
and its base parallel to it« 

9. A vesfiel in the form of the l|7perbQloid of revolutioa has ita 
axis vertical and vertex downwa^s ; find the time of emptying i% 
thiougH a given mtJl orifice in the vertex. 

10. A given paraboloid contains a given quantity of fluid; de^ 
termme the angle at which its axis may be inclined to the vertical 
before the fluid runs out. 

11. A fluid mass has a given uniform motion of rotation^ and its 
particles are attracted to two constant centres of force in the axis of 
i^tation* Determine the form which its surface will assume. 

12. A body oscillates in a circle^ in the medium of which the 
resistance varies as the velocity ; find the time of one of its small 
oscillfttions. 

13. Find the lengths of the day and nighty when 

oo8.(/+5)"" ^/Si— l' 
/ being the latitude of the place and 2 the Sun's declination. 

14. The Sun's azimuths at the beginning and end of twilight are 
supplements to each other on the day of shortest twilight. 

15. Prove that the times in seconds in which the Sun will pass 
the horizontal aud vertical wires of a telescope are respectively 

and 



iS cos. lat. sin. dec. 15 cos. dec. 

D being the apparent diameter. 

16. A style projects vertically from the top of an u^mght cone ; 
find the path described by the extremity of its shadow on the surface 
ci the cone« 
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TRINITY COLLEGE, 1820. 

1. Given the distance of the foeus of incident rays from the 
centre of a given spherical leflector ; find th^ distance of the geo- 
metrical foeu9 of reflected rays from the oentre^ when they ate incident 
nearly perpendicularly* 

2. Given the position of an ohject placed between two pUne 
reflectors indined at a given angle ; find the total number of images^ 
and apply it to the case where the angle of inclination is equal to 
11M5'. 

3. A straight line is placed before a concave spherical reflector^ 
at the distance of one-third of its radius from the surface ; find the 
dimensions of the curve formed by its image^ the radius of reflector 
being 9 inches. 

4. Having given the ratio of the sines of incidence and refraction^ 
when a ray passes out of one medium into each of two others^ to find 
the ratio of the sine of incidjence to the sine of refraction out of one 
of the latter mediums into the other. 

5. Wh^ pandlel rays are incident nearly perpendicularly upon a 
spherical refracting surface, the distance of the intersection i^ the 
refracted ray and the axis, from the centre, is the greatest when the 
arc is evanescent. 

6. A pencil of parallel rays passes from water through A globule 
of air ; find the focus after the second refraction. 

7« Find th^ focal length of a compound lens. 

8. Explain the construction of Newton's telescope, and shew bow 
it must be adjusted to the eye of a long-sighted person. 

9. An object whose real depth below the surface of the water is 
ten feet, is viewed by an eye fifteen feet above the surface. What 
must be the focal length of a lens through which it is viewed, that 
its apparent depth may be ten feet i 
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10. If a plane mirror be turned round uniformly^ the angular 
velocity of the image of a given object formed by continual reflection 
at its surface : angular velocity of reflector : : 2 : 1. 

1 1 . The radii of a spherical reflector and sphere of glass of same 
aperture and power are in the proportitm of 3 : 1. Compare the 
density of rays in Sun's image formed by them. 

12. Two straight lines are inclined at a given angle^ and a point 
E is given without them^ a line EFf moves round the point E, and 
cuts the given lines in F and/; find the locus of the mirror D> so 
that /shall always be the image of J^. 

13. Suppose a mirror M to move in a straight line AB, and an 
object D in the line ^1 C at right angles to it> and distance between 
object and mirror to be constant ; to determine the locus of an eye^ 
which being always at the same distance as the object from the mirror, 
shall always see the object. 

14. Having given the refracting powers of two mediums, to find 
the ratio of the focal lengths of a convex and concave lens, formed of 
these substances, which, when united, produce images nearly free 
from colour. 

15. When a ray of light is incident obliquely upon a spherical 
reflector, to determine the intersection of the reflected ray and the 
axis of the pencil to which it belongs, and shew that when the focal 
length is given, the longitudinal aberration of parallel rays varies as 
(lin. apert.)' and lateral aberration varies,as (lin. apert.)^. 

16. If an object be placed in the principal focus of a double 
convex lens, the visual angle is the same, whatever be the distance of 
the eye from the glass. . 

17. Find the length of a caustic generally, and apply it to the 
case when the reflecting curve is a setoicycloid, rays parallel to 
axis. 

18. Find the density of rays in a caustic, when reflecting surface 
is a hemisphere, Eradiating point in surface* 
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TRINITY COLLEGE, 1821. 

1. (1). Stats the velocity of light, and the maimer in which it. 
was first ascertained. 

(2). Prove that the intensity of light, when transmitted 
through an uniformly dense medium, decreases in geometrical 
progression. 

2. Enumerate the principal discoveries of Newton in the science 
of Optics ; and give a Concise account of the experiment by which he 
determined the refrangibility of light. - 

3. If an object be placed before a parallel plane mirror, the image 
will appear to occupy half the space occupied by the object. 

4. Two fixed objects situated on the same side of an inde- 
finite straight line, are viewed from different points of that line ; 
required the point at which their apparent distance shall be a 
maximum. 

5. Rays nearly parallel being incident on a spherical reflector 
whose radius is (r) ; prove> that if d, d' be the distances of the foci 
of incident and reflected rays from the surface 

L + U+?. 

d^d' - r 
according as the reflector is concave or convex. 

6. Find an incident ray parallel to the axis of a given reflecting 
circular arc, that shall be reflected so as to pass through a given point 
in the circumference. 

7. The reflecting curve being the common parabola, and the inci- 
dent rays perpendicular tf^the axis. And . 

(1). The caustic, and 

(2). The point where it intersects the axis. 

8. If a ray of light be incident obliquely on a small arc (B) of a 
spherical reflector, whose radius is (r), and if [d) be the distance of 
the focus of incidence from the centre ; prove that the longitudinal 
aberratioii 

2df^ 
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9. An infinitely slender pencil of rays is incident nearly perpen- 
dicularly upon a spherical refracting surface whose radius is (r) ; 
then if (d), (x) denote the distances of the fod of incident and refracted 
rays from the surface^ and if the sine of incidence be (n) times that 
of rafinotum^ 



X r H\r d) 



10. (1), If an homogeneous ray of light be refracted through a 
prism of a denser medium^ the deviation will be a minimum^ 
when the refractions on both sides of the prism are equal. 

(2). Shew that when this is the case^ if (a) be the vertical 
angle of the prism^ (^) the deviation^ and (h) the constant ratio 
of the sine of incidence to that of refraction. 

sin. J (5 4- a) 
sm.|a 

(S)» By what methods may the refractive power of any trans- 
|)arent solid substance be determined ? 

11. Required the focal lengths of a double convex lens of given 
thickness, the sine of incidence being (n) times that of refraction. 

12. Explain the structure of the eye^ and the manner in which 
vision is performed. 

IS. Shew in what positions of the eye and object^ the image 
formed by double convex lens will be 

(1). Magnified or diminished : and 
(2). Erect or inverted. 

14?. (1). Construct Gregory's telescope. 

(2). Prove that the field of view depends more upon the 
aperture of the eye-glass, than of the smaller reflector : and 

(3) . Shew that the aberration produced by the first reflection, 
'is increased by the second. 

15. Given the curvature and aperture of a plano<-oonvex lens, 
whose plane part is directed towards the object ; compare the errors 
arising from spherical «nd chromatic aberratioii. 

16. Find at what point in the axis of a given object->glasif n kas 
of known focal length must be placed^ so as to oonect the dispersion 
of an heterogeneous ray refracted through th^ fonder 
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!?• Required t}ie eurv^> in each point of wliich, the same given 
brightaeiB^ sapposed equal to unity^ will be produoed by a given 
radiating point. 

18. If {F) be the principal focal length of a triple object-glas8> 
composed of three contiguous lenses^ whose principal focal distances 
are/)i,|i2, /i^^ respectively ; prove that 

i = i + i + l. 

^ P Pi P2 



TRINITY COLLEGE, 1828. 

1. Stats the principal hypotheses which have been formed 
respecting the nature of lights and the objections which have been 
raised against each of them. 

2. If light, diverging from a luminous point situated in a uniform 
transparent medium, lose an nth part of its rays in passing through 
any portipn, its intensity after passing through equal successive 
intervals will decrease as the series 

« - 1 (« - 1)2 (;* - ly (» - 1)* - 
n ^n* 9/i' 16»* 

S. Having given the position of two lights of known intensities, 
to determine the nature and equation of the suiface, of which every 
point shall be equally illuminated. 

i. A reflector is formed by the revolution of a small arc of a 
catenary round its axis, and rays are incident on it parallel to each 
other, and to the axis : find the focus of reflected rays. 

5. The reflecting curve is the reciprocal spiral, and the radiant 
point is situated in the pole : find the equation to the caustic* 

6. The curvature of the image of a small portion of a sphere 
placed with its concavity turned towards a concave spherical reflector, 
is equal to the curvature of the object together with that of % sphere 
whose radius is the focal length of the reflector* 

7. If d be the angle of incidence of a homogeneal ray of light 
which jpasses through a prism^ whose refracting angle is « ; then 

at o 

when the deviation (S) is a minimum, ^ = o + o' 
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■ 8. If two parallel rays be incident on a transparent sphere, 'one 
perpendicularly, and the other at an angle of incidence = ; the arc 
included between the emergent rays is one whose sine 

_ rin.20\/(f?i« - sin.gfl)— sin.O>/(mg — 2 sin'O) 
— . , 

. m sine of incidence 

where — = -, ^ — ^ — -: — • 

1 sine of refraction 

9. If F be the focal length of a double convex lens, the radii of 
whose surfaces are r, /^ and its thickness (which is small) == / ; 

10. Determine the apparent magnitude of a straight rectilinear 
object, placed at a given depth parallel to a surface of water, the eye 
being situated in a given point in the plane which passes through the 
object perpendicular to the surface. 

1 1 . Find the form of a surface which shall refract parallel rays 
accurately to a point within it. 

12. If 1 4- r, 1 + V, be the ratio of refraction belonging to the 

red and violet rays respectively, in a lens whose aperture is D : the 

V *** r 
diameter of the least circle of aberration is . D. 

1 3» Construct the Gregorian telescope ; find i\» magnifying power^ 
and greatest field of view. 

14<. Explain the Camera Lucida. 

15. If m, n be the ratio of refraction belonging to the red and 
violet rays respectively in a double convex lens, with surfaces of 
equal radii r ; and m', n' those in a double concave lens, and the two be 
placed so as to coincide ; then if the radius of the exterior surface 

= —, — Tw n • ^> *^6 compound lens will be achromatic, 

the thickness of each being neglected. 

16. If the rays of a small pencil of light fall upon a drop of water, 
and emerge parallel after p reflections within it, 

tan. of incidence 

tan. of refraction """ 
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TRINITY COLLEGE, 1825, 

1. Prove that a ray of light emanating from a given point, and 
reflected by a plane surface to an eye in a given position, describes 
the shortest path possible. 

2. If rays nearly parallel be incident on a convex or concave 
spherical reflector, determine the relation between the distances, 
from the surface, of the foci of incident and reflected rays. 

3. A ray of light efeoanating from a luminous point being incident 
at an angle tan.^*aj on a curve whose equation is 

mdaf + lidif = ; 

prove that the equation to the reflected ray is 

, av?' + 2to« ^ airP' , ^ 

and thence deduce the general equation to a caustic by reflection. 

4. When the reflecting curve is a 0, and the radiating point on 
its 0^, prove that the caustic is a cardioide, whose base is a con- 
centric with the given 0, and the radius of which is ^ of the radius 
of the given 0. 

5. Find the least of aberration, into which a pencil of rays^ 
reflected by a spherical surface, is collected. 

6. Give Newton's demonstration of the fundamental law of 
refraction. 

7. Explain the method of determining the refraction 

(1). Of a transparent solid, 

(2). Of a liquid, 

(3). Of a gaseous body. 

8. A small pencil of rays being incident on a spherical refracting 
surface bounding two different media, to And the focus of refracted 

rays. 
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9. (I), If F represent the focal length of a double convex Isns, 
the radii of whose surfaces are r and /, and the sine of incidence 
be (m) times that of refraotion^ prove that 



J =-(-') (;-.)■ 



(S). How must this formula be modified^ do as to exhibit 
^ in the meniscus^ and in the concavo-convex, and double con- 

cave lenftes. 

10. Prove that the conjugate foci mdve in the tome or in opposite 
directions^ according as the rays are incident oti a refhtcting or a 
reflecting surface. 

11* If a straight line be p>aced at right angles to the axis of a 
spherical reflector^ or of a lens at a distance (a) from the centre, 
prove that the polar equation to the image is 

r« J, , 

1 + ^ cos.d 
a 

in which r ea distance from the eentre of any point in th6 imAge. 

B s= angle subtended at the centre by the straight line, 

y= principal focal length of the reflector or lens ; 

and thence determine the particular cases in which the image is an 
ellipse, hyperbola or parabola. 

12. ( 1 ) . Construct Ne wtonVtelesoope, find its magnifying power, 
and determine its field of view. 

(2). What advantage have reflecting telescopes over re- 
fractors ? 

13. If (F) be the focal length of a simple microscope, (c) the 
nearest distance of vision, then the greatest angle under which the 

image of a line (a) can be viewed is a ( » 4" ~~}* 

1 4» To find the centre and diameter of the least circle of chlromatic 
aberration. 

15. Construct an achromatic telescope. 
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16. £xplaiii the manner in which the primary and aecdndary 
bowB in the rainbow are formed^ and find the altitude of the highest 
point above the horizon^ and the breadth of the colours. 

] 7. Describe the phenomenon of the coloured rings^ which are 
formed by pressing together two plates of glass : and state and examine 
the hypotheses that hare been advanced in explanation of this 
phenomenon. 



TRINITY COLLEGE, 1826. 

1 . What are the laws of Optics ? How are they proted P 

2. How does it appear that the propagation of light is gradual ? 

3. Find the equation between the focal distances for a spherical 
reflector. Shew that it answers equally for a convex as a concave 
one. 

4. Supposing that a mirror collects the Solar rays to a point at 
the distance of six inches, where will be the image of an object placed 
in front of it at twelve feet from its surface ? 

5. How may the radius of a convex reflector be found by an 
observation with the Solar rays } 

114 

6. Shew that in oblique reflection - + - = '^* (;^ being the chord 

of curvature through the luminous point.) 

7. What Is the caustic to a surface generated by the revolution 
of a cycloid about its axis ? 

8. What must be the length of a plane vertical mirror, in which 
a person may see his whole figure reflected ? 

9. In what case is the image of a straight line produced by a 
spherical mirror an hyperbola ? 

10. Wbat are the different species of lenses.^ Which of them 
are of the same nature ? 

11. Find the focal length of a lens, and shew that it is the same 
whichever side be presented to the incident rays. 

12. What kind of glasses are used by persons who have been 
couched? 

1 S. How are the lenses made to achromatize each other ? 
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I4f. Shew how a camera lucida may he constracted with two small 
pieces of window glass. What advantage has such an instrument over 
Dr. WoUaston's ? 

15. What is the general principle of telescopes ? 

16. Describe the Dynamometer. 

17. Account for the /ormation of the Rainbow. 

18. Describe the phenomena of double refraction. 



TRINITY COLLEGE, 1827. 

1. The illuminating power of the Sun or Moon, when in the 
zenith, on a horizontal plane, is to its illuminating power when at 
any other altitude, as radius to the sine of the altitude. 

2. If a ray of light be reflected once by each of two plane surfaces, 
in such a manner that the planes of the first and second reflections are 
at right angles to one another ; then will the cosine of the inclination 
of the planes to each other be equal to the product of the cosines of 
the angles of incidence on each ; and the cosine of deviation be 
equal to the product of the cosines of the doubles of the angles of 
incidence. 

S. When rays are incident on spherical reflecting surfaces, prove 
that QF :FE:: FE : Fq. 

4. If ^ be the semi-aperture of a spherical reflector which is 
small in comparison with the radius r, then will the longitudinal 

aberration of parallel rays be 4—; and the lateral aberration —• 

4r 2r* 

5. Determine the equation and form of the caustic when the 
reflecting curve is a circle, and parallel rays are incident in its plane : 
and shew that the caustic near the cusp approaches indefinitely near 
a semi-cubical parabola. 

6. A ray of light cannot pass out of a denser into a rarer medium, 
if the angle of incidence exceed a certain limit. Determine this 
limit in the case of water and air. 

7. If a ray of light be refracted through a prism, the deviation 
will be a minimum when the incfident and emergent rays make 
equal angles with the sides. Apply this property to determine 
the refracting index of any substance that can be formed into a 
prism. 
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8. Find the focal length of the segment of a sphere; both 
when the parallel rays are incident on the convex surface,, and 
also on the plane. 

9. Explain the structure of jthe Eye. 

10. Having given the distance at which a short-sighted person 
can see distinctly, to find the focal length of a glass which will enable 
him to see distinctly at any other given distance. 

11. To determine the angle which a small object subtends at 
the centre of the eye when viewed through a convex lens. 

12. Explain the constructioii of the Newtonian Telescope, and 
shew that objects seen with it appear inverted. 

13. Explain the construction of the Magic Lantern ; and shew 
why in practice it k necessary to place a large lens close to the 
object. 

14. Explain what is meant by the dispersing power of any 
medium ; and shew that if a small cylindrical beam of white light 
pass nearly perpendicularly out of common glass into air, the 
dispersion of the differently coloured rays is about ^ of the mean 
refraction. 

15. To determine the analytical relation which must hold good 
in ord^r that two prisms with small refracting angles may form an 
achromatic combination. 

] 6. Find the altitude of the highest point of the rainbow above 
the horizon, fuid the breadth of the colours. 



TEINITY COLLEGE, May 1828. 

1. Enumerate and explain the phenomena which are observed 
when a small beam of solar-light is received in different directions 
on a ciystal of Iceland spar. 

2. Define the term deviatiofiy and prove that if a ray of light be 
reflected successively at two plane mirrors, so that its whole course 
be in one plane, the deviation is equal to twice the inclination of 
the mirrors. Apply this proposition to explain the principle of 
Hadley's sextant. 

3. Define the terms pencil of rays, focus, divergence, con- 
vergence, and show how the two last may be measured. 

I 
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4. If a pencil of diTergent rajs be leoeiYed dixectly on a concave 
tpherical mirror of principal focal lengthy^ at the distance tf from its 
origin or focus, the distance v from which it diverges after reflexion 
is given by the equation 

1 _ 1 _ 1 

5. If the same pencil be received obliquely on the mirror, its 
axis making an angle f with the normal, the distances v and tv, at 
which the reflected rays meet, (1) in the primary, (2) in the 
secondary plane, are given by the equations 

- cos«^ __ cos^ 1 

(2). Ui^esif. 

6. When a ray passes through a prism, its v^hole course being in 
one plane, shew that the deviation has a minimum value given by 
the equation 

. J + « . « 

sin.—— s= fx, sin.-. 

7. If a percil of rays pass directly through a plane refracting 
surfkce at the distance « from its focus, the distance u' of the focus 
after refraction is given by the equation 

8. If the incidence be oblique, this equation resolves itself into 
two as in the case of reflexion : 

... T ^i. • 1 COS^' 1 COS.^ COS.© 

(I). In the primary plane, — 7- =3 - • ; • — -• 

U lA cos.f u 

(2). In the secondary plane, -, = -.— 

U [4, u 

9. When a pencil of rays passes through a convex refracting 
surface, diverging both before and after refraction, if the incidence 
be dht:ct 

I^IM M--1 I 

w' "" I* « ^ r 
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If the incidenoe be oblique the equatdons are 

-. cos.^ ___ 1 cos.^ cos.^ eofu^ 1 

COS.9 

,^. Ill COS.^ pOS.^ 

(2). -7 = - ' • 

u fd, u ffc r 

10. When a pencil of rays passes through a thin double convex 
lens^ diverging after emergence^ if the axes of the pencil and lens 
coincide^ 

If these axes make with one another an angle <l>, the pencil passing 
through the centre of the lens> 

CMJ^^COS.^ / cos.^' 1^/^ J. M 

« "" « \ COS.? / \r^ r^j 

1 1 / cos.?>' \/l , 1\ 

— = {(ju — -* 1 1 1 J COS.?. 

TV u \ COS.? /\r, ' r^/ 

1 1. These last formulas apply also to the case of a pencil passing 
through any part of a lens, provided its axis make equal angles v^ith 
the surface at incidence and emergence. 

12. Find the equation to the curve which by its revolution round 
the asds- of a? will produce a surface capable of refracting a large 
pencil of rays accurately from one focus to another, and show that a 
spherical surface ,may be found which will answer this condition. 

13. Show from the formulse, that when a pencil of rays falls 
directly on a concave mirror or a convex lens, it receives a certain 
quantity of convergence depending merely on the curvature of the 
surfaces, and that the same proposition holds in reflection with 
respect to oblique pencils, in the primary but not in the secondary 
plane. 

1 4«. Show in like manner that when a divergent pencil passes 
directly from a rarer into a denser medium, its divergence is 
diminished in a given ratio depending merely on the relative refract- 
ing powers of the media, and that if the surface separating the media 

I 2 
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be convex towards the rarer one, the pencil after being thus modified 
receives a certain quantity of convergence depending on the ratio of 
refraction and the curvature. 

15. When a convex lens of focal length / is used without any 
limitation of the incident pencils to produce an image of a plane 
object, the rays of each pencil converge to different points included 
between two surfaces which touch one another, having for their radii 
of curvature at the common vertex 

16. Explain the effect of the chromatic dispersion of light in the 
case (1) of the object glass of an astronomical telescope, (2) of the 
single eye-glass. Explain also the manner of correcting the defect 
in each case. 

17. Explain the construction of Galileo's telescope, and point out 
all the particulars in which it differs from other telescopes. 

18. Calculate the magnifying power and field of view of a 
Gregorian telescope from the following data : 

Object mirror, focal length 12 inches 

Small mirror ••• 1 

Field glass •• 3 •• 7 ,. 

Eyeglass 1 ^ distance 2 inches 

Field-bar aperture •••. ^ inch. 

19. The common formula for the lens, in which the thickness 
is neglected, is accurately true if the distances represented by u 
and V be measured from a point within the lens, the distances of 
which from the surfaces of the lens are inversely as the refractions 
at those surfaces. 

20. Account for the formation of the ordinary rainbow, and 
for the brightness of that portion of the sly which lies within 
the bow. 
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TRINITY COLLEGE, Junb 1829. 

1. What hypotheses have been made to explain the phenomena 
of Light ? To what objections are they respectively liable ? 

2. Assuming that rays of light may be represented by straight 
lines, what is meant by the divergence of a pencil of rays ? 

3. Investigate the ordinary simple formula for reflexion at a 
spherical surface, and show that its import is : that the divergence 
destroyed, and th^ convergence produced, constitute together a given 
quantity of effect. 

4. Exhibit the aberration of a spherical mirror for parallel rays, 
and show that it is nearly equal to half the distance of the point 
where the reflexion takes place from a plane touching the surface at 
the place of direct incidence. 

5. Prove that two successive reflexions, at plane mirrors inclined 
to each other, produce a deviation double of the angle of inclination 
of the mirrors. 

6. Determine the greatest possible number of reflexions that a 
pencil can suffer at two plane surfaces inclined to each other at a 
given angle. 

7. Explain the law of ordinary refraction. 

8. Investigate the formula for direct refraction at a spherical 
surface, 

fA 1 /M. — 1 /tft— 1 



e+'-v^)G+D^'. 



u u r 2ft,^ 

first without its last term (explaining its import) : and secondly with 
the last term. 

9. Investigate the ordinary formula for a double convex lens. 

10. Find the aberration of a double convex lens, and show that 
for parallel rays it is least when the radii are to one another as 1 I 6. 

11. Explain what is meant by the primary and secondary planes 
in the case of an oblique pencil, and find the places of the lines of 
convergence in oblique reflexion at a spherical mirror. # 
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12. ^'The best fonn for the ground^ or bottom^ of a camera 
obscura, is that of a sphere of which the radius is three eighths of 
the focal distance^ when a double convex lens of crown glass is 
employed." Dr. Young's Lectures, Vol. I. p. 425. Demonstrate 
this proposition^ and explain Professor Airy's construction by which 
a perfectly distinct image is produced. 

13. Explain the construction of the astronomical telescope^ ivith 
the positive and negative eye-pieces. Why does the latt^ give the 
Moon a spherical appearance ? 

14. The focal length of the object-glass being given, and the 
eye-piece being a single lens^ show upon what depend: (1) the 
magnifying power^ (2) the iield of view, (3) the quantity of light 
concentrated in each point of the image. 

15. The focal lengths of the lenses in a four-glass eye-piece 
are 3, 4, 4f, and 3 inches respectively, and the intervals between 
them, reckoning from the object-glass, 4, 6, and 5J-. Required the 
focal length of the equivalent single lens. 

I6« Account for the laws of reflexion and refraction of parallel 
rays of light on the theory of Undulations. 

n. Explain the phenomenon of the black stripes produced by 
the union of two streams of light in Fmunhofer's experiments. 

18. Prove that a small object can be seen distinctly through a 
prism only when each pencil makes nearly equal angles with the 
surfaces at incidence and emergence, and that it then appears partly 
magnified and partly contracted in one dimension, but not in the 
transverse one. 



TRINITY COLLEGE, May 1830. 

1. ^ Depins a rai/, and a pencil of rays, and show that the iheory 
of tJndulations necessaHly allows of the same mode of representing 
these, as that of Emanation, in all questions relating to reflexion and 
refraction, 

2. A pencil of parallel rays falls directly on a cSoncave spherical 
mirror: required its form after reflexion. 

d. A pencil of rays falls obliquely blit oentrieatly on a concave 
mirror : explain tlte positions of the primary and ^eofrndary plaaea^ 
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and dstermine the points at wliicb the rsyi in thoie planet are col- 
lected. 

4*. Detennine the form and position of a reflecting surface which 
shall collect accurately to one pointy rays which hare proceeded from 
a g;iven point. 

5. A very distant point is seen by rays successively reflected by 
two plane mirrors given in position : required the angle of deviation 
l>etween its real and apparent directions. 

6. Prove that the deviation caused by a prism of a small refraet^ 
ing angle is nearly expressed by (m — 1 ) i, where t is the refracting 
angle^ but that it is in all cases greater than this quantity. 

7. The radii of the surfaces of a double convex lens being repre- 
sented by r and s, determine the principal focal length. 

8. Determine the lens of least aberration for parallel rays. 

9. Prove that the divergence of a pencil of ra3rs is diminished^ in 
its passage directly through a convex lens^ by a quantity depending 
only on the curvatures of the surfaces^ and the refracting power of 
the substance. 

10* Assuming 

V^ g^ {28ar< + 20 (« + l?)a? + \0a& + SjP + 27}, 

determine the form of a lens whieh shall produce a distinct image 
of a distant object of large extent* the pencils being defined by a 
diaphragm placed bdbind the lens at one-sixth of the focal length 
from it. 

1 1 . Find the principal focal length of a sphere, and the abemtioa 
for parallel rays. 

12.. Determine the form of the imn^ produced by a sphere, with 
cen^oal pendls, llie surface of the object being plane. 

13. Explain what is meant by irrationality, the chromatic dis- 
persion. 

1 4*. Explain the construction of the Opera-glass. 

15. The focal length of the object-glass of an Astronomical Tele- 
scope, is 6 l^eet ; the eye-piece consists of two lenses of focal lengths 
} \ inch and ^ inch t determine the position of these when the instru- 
ment is in full adjustment. 
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16. Explain the principle of tlie simple Microscope^ shewing on 
what depend the magnifying power^ and field of view. 

17- The focal length of the field-glass of a Microscope is I indi^ 
that of the eye-glass J inch : the distance of the field-glass from the 
centre of the ohject-glass is 2 inches : determine the interval between 
the lenses when the vision is achromatic^ and shew that the bending 
6i the pencil is equally divided between the two lenses. 

18. Explain the construction of the Camera Obscura. Shew how 
the result obtained in the answer to Question 10 may be applied^ 
combining the refractions with internal reflection^ as in Chevalier's 
" Chambre obscure a prisme menisque." 

19. Account for the law of refraction on the hypothesis of Undu- 
lations. 

20. Explain the phsnomenon of the dark bands produced by the 
united effects of two streams of light in directions nearly coinciding. 



St. JOHN'S COLLEGE, Dec. 1820. 

1. Define the terms geometrical focus and principal focus; and 
find the focal length of a sphere placed in a denser medium. 

2. Two lights whose intensities are as a I h are placed in the foci 
of a given ellipse. Find the point where the least light is received; 
and shew, that if from any point a normal be drawn, proportional 
quantities of light are received at its extremities. 

3. Explain the formation of the primary rainbow, and why it 
cannot be greater than a semicircle. 

4. If R and r be the radii of the surfaces of a glass lens, whose 
thickness is inconsiderable, and which is connected with another thin 
glass lens, the radii of whose surfaces are R and /, prove that the 
focal length of the compound lens may be found from the equation 

1 _ ( Rtr ^ Bfi^T^ -K 

focal length "^ ^ \ Rr '^ Rr^ J 

5. Having given the radii of a thin double concave lens, upon 
which parallel rays are incident, find the radii of an isosceles double 
convex lens which compounded with the former shall refract the 
rays parallel. 
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6.' If an object be placed between two parallel plane reflectors^ 
which are moved parallel to themselves^ their distance remaining con- 
stant^ «hew that the images formed by an even number of reflections 
will remain stationary^ and that the other images will move in the 
same direction as the reflectors^ and .with twice their velocity. 

7. Construct a Gregorian telescope^ and determine the field of 
view. 

8. ABCDEF is a regular hexagon inscribed in a circle whose 
centre is G : GA, GB are two plane reflectors^ AB is an object 
placed between them. Prove that the ipages of AB will form the 
remainder of the hexagon; and shew whether an eye placed between 
the two reflectors^ sees one^ or both^ or part of each of the two images 
which coincide in DE» 

9. If an object be placed before a double convex lens^ find the 
position of the eye that the object may always appear of the same 
magnitude wherever it is placed. 

10. A stick of given length (/) is placed within a polished hemi- 
sphere of given radius (r). Find the dimensions of the image ; and 
shew that it will be an ellipse^ hyperbola^ or parabola^ according as 

■ 

- is less^ greater^ or equal to \/3. 

T 

I 

11. In a parabolic reflector^ a ray of light diverges from a point 
Q in the axis^ and is reflected at P so as to cut the axis in q. Shew 
that the distance between q and the geometrical focus 



AS^ I ^ASP ,\ 



12. The reflecting curve is an arc of 60° and the focus of inci- 
dent rays at one extremity. Find the length of the caustic^ trisect it 
geometrically^ and compare the densities at the points of trisection. 



St. JOHN'S COLLEGE, Dec. 1824. 

1. Required the least breadth of a vertical plane mirror, in 
which a man six feet in height may see his own image complete ; 
and its height from the ground, supposing his eye to be four inches 
below the crown of his head. 
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2. A ray of light cannot para out of a denser into a rarer me-i 
diuniy when the angle of incidence exceeds a certain limit when 
sin. inc. : sin. ref. : ; 1 : 2. 

3. S and H are fixed points ; a ray SP proceeding from S, is 
reflected to H by a plane mirror AP moveable above a given point 
A in the line SH produced ; required the curve, which is the locus 
of P. 

4. Given the distance {a), to which a short-sighted person can> 
see distinctly ; find at what distance from his eye a concave lens of 
given focal length {p\ must be placed, to enable him to see an 
object Q at a distance (6) ; and explain what is to be understood by 
that result, which places the lens beyond Q. 

5. The whole circumference of a given circle is luminousy except 
a very small arc, which reflects the light from the vertical. Re- 
quired the form of the caustic. 

6. Sin. inc. : sxn* ref. : : m ; 1 ; rays diverging from a given point 
Q, enter nearly perpendicularly into a sphere, the opposite surface of 
which is quick-silvered. Find the geometrical focus of emergent 
rays. 

7. The image of a straight line formed by a single spherical 
refracting surface is a conic section ; shew that if the line be placed 
within a sphere of glass, the image must be an hyperbola. And 
explain how we may suppose it to be completed. 

8. If Q be the focus of rays incident .on a spherical refracting 
surface, and Q^ the focus of incident rays coming in the contrary 
direction,, such that Q and Q! have the same conjugate focus^ re-, 
quired a maximum and minimum value of Q Q^. 

9. There is a small aperture of the shape of an isosceles double 

convex lens of inconsiderable thickness, in the centre of a glass 

sphere ; if this aperture be filled with a given substance, find the 

focal length of the sphere in air. Supposing m and nf to be the 

siTi inc 
values of -r-^ — - out of ait into glass, and the interior substance 
sin. ref. 

respectively. 

10» If parallel rays be incident in a curve in a direction perpen- 
dicular to the axis of x ; prove that the co-ordinates x', y, to the 
point where the reflected ray meets the caustic^ are deteraiio!ed by 1^ 
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equations x' - a: = - J, 2/ -y^-g^. ""^^'^ ^ = 5i' « = 5?' 
and hence shew that the caustic to the logarithmic curve 

y 

« ea a . hypi log. -» 
is the common catenary. 

11. Find the longitudinal aberration when a pencil of parallel 
rays is incident on a spherical refracting surface ; and if (0) be th« 

ande at which the extreme ray is incident, and -r-^ — -r = .wi, shew 
^ ^ sin. ref. 



that the lateral aberration = rad. sin.d vers. — nearly. 

m 

12. Construct Cassegrain s telescope, and find its field of view, 
also compare its magnifying power with that of a Newtonian tele- 
scope, having the same eye-glass, and large reflector. 



St. JOHN'S COLLEGE, May 1826. 

). Explain the construction of the single microscope, and find 
its magnifying power. 

2. At what point in the axis of an elliptical reflector must Q be 
placed that q may be at the extremity of the axis major. 

3. A glass sphere is divided into 3 parts by two parallel planes 
which trisect its diameter at right angles. The glass between the 
planes is removed, and its place supplied by water. Find the distance 
between the images of two objects placed in the centre, and at the 
extremity of the diameter. 

4'. Q is an object placed between two inclined plane reflectors. 
Find the locus of an eye such that the path of the tay (from Q to 
the eye) by which the nth image of one side of Q is seen may be of 
the same length aa that by which the nth image of the other side of 
Q is seen. 

5. Of how many degrees must a p<^Bhed circular arc be, that 
the image of its tangent may be a q[uadrant of an ellipse f 
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6. A straight line is inclined at a ^ven angle to the side of a 
glass prism whose vertical angle is known. Find the nature and 
position of the image. 

7« If a Gregorian telescope be adjusted to the eje of a short- 
sighted person^ and the eye be farther. from the lens than the prin- 
cipal focus^ what change is produced in the visual angle> and in the 
position of the image on the retina ? 

8. Find the thickness of a plane glass mirror that, the distance 
of the image from the first surface may be twice as great as in a 
mirror of inconsiderable thickness. 

9. Investigate the nature of the reflector that parallel rays inci- 
dent upon it in the same plane may be reflected parallel. 

10. When diverging rays are refracted by a medium contained 
by parallel plane surfaces^ the aberration is less than when they are 
refracted by a single surface. 

11. Find the form of the surface of a medium such that rays 
proceeding from a point without it may be refracted accurately to a 
given point within it. 



St. JOHN'S COLLEGE, May 1827. 

1. If a man 6 feet.high be placed before a vertical mirror nearly 
his own height, at a distance of 4> feet, required how much of his 
person will be illuminated by a lamp behind him> 12 feet from the 
mirror and 1 1 feet from the ground ; and find his position when his 
feet are just illuminated. 

2. A ray of light suffers as much deviation in passing through 
one medium contained by parallel plane surface into another, as in 
passing immediately into the latter medium. 

3. Given the focal length of a lens, which will just enable a 
short-sighted person to receive parallel rays, to determine the focal 
length of one, which will enable him to see to any given distance. 

4. Rays tending to form an image at the point where the eye 
is placed, are deceived upon a concave lens, required to prove that 
the visual angle varies inversely as the square of the distance of the 
lens from the eye. 
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5. Given the focal length of a glass lens in air^ find another, 
wMch> being compound with it> and the whole placed in water, the 
focal length shall equal that of the first in air. 

6. When rays are incident parallel to the axis of a cycloid, to 
determine the form of the caustic and the law of the density, 

7. Rays diverge from a point in the axis of double convex lens 
whose thickness equals one of its radii. Required the geometrical 
focus of refracted rays. 

8. The image of a straight line perpendicular to the axis of a 
concave spherical reflector, and passing through its centre as seen 
by an eye placed in the axis at such a distance that all lines drawn 
to it from the reflector may be considered parallel, is determined by 
the equation 

y.(r9+ 2a:*) = 2a:V(r- - ««)• 

Investigate this, and trace the curve. 

9. In the last question, find in what part of the reflector the 
image of the diameter is formed. And explain clearly where the 
eye must be supposed to be placed when the image of a straight line 
formed by a spherical reflector is daid to be a conic section. 

10. An homogeneous pencil of parallel rays is incident on a 
sphere of refracting substance, so as to emerge parallel after (p) in- 
ternal reflections; required the angle between the incident and 
emergent pendls. 

11. The lunar apertures of the object and eye«glass of an astro- 
nomical telescope being as 6 : 1, and their focal lengths 27 inches, 
and i inches respectively, required the focal length of a convex lens 
to be placed between them one inch from the eye-glass, and of twice 
its aperture, that the field of view may be doubled, when adapted to 
conunon eyes. Also determine the eflect upon the magnifying power 
of the telescope. 

12. Compare the focal lengths of two lenses of different given 
substances, which when compounded shall cause the red and violet 
rays of a pencil to converge to the same focus ; and shew that if the 
spectrum formed by similar prisms of each substance were divided 
exactly in the same proportion by the different colours, the compound 
lens would be wholly free from colour. 
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St. JOHN'S COLLEGE, Mat 1828. 

1. Explain by what contrivances in the eye objects are seen 
distinctly at difierent distances and with different degrees of light. 

2. Given Q the focus of rays incident nearly perpendicularly on 
a concave reflecting sphere ; find q the focus after two reflections. 

3. Find by experiment the principal focus of a lens, or spherical 
reflector. 

4. Archimedes' burning mirror is supposed to have been formed 
by small planes reflecting the Sun's rays to the same point. Find the 
surface they all touch, and explain what limits its effects. 

5. Given the interior, find the exterior radius of a meniscus by 
whiph a person who can see distinctly at one given distance, may be 
enabled to see distinctly at another, and explain the advantage of 
this form of lens for spectacles. 

6. If tin./ : sin.22 : : ^3 : % out of the air into a sphere, find 
what part of the Sun's rays incident on the sphere are transmitted. 

7* Given Q the focus of rays incident nearly perpendicularly on a 
prism AIC, find q the focus of refracted rays, and also the curve 
described by q if the prism increase in thickness by the revolution of 
the side IC round I, 

8. Compare the magnifying powers of a sphere and a piano* 
convex lens of the same radius, and shew by what contrivance the 
two may be made equal, and the advantages of a plano-convex lens 
so formed, 

9. Given the diameters and focal lengths of the object and eye- 
glass in the Astronomical telescope ; find the area of the bright part 
of the field of view, and explain the use of the stops and additional 
glasses usually found in telescopes. 

10. In Cassegrain's telescope the spherical aberrations partly 
correct each other, but cannot be made to do so entirely. 

11. If the dispersive powers of two media are as 3 : 2, find the 
focal lengths of two lenses which will, combined, produce an achro- 
matic lens of 12 inches focus. 

12. Find the caustic of rays diverging from a luminous point, 
and reflected by a plane silvered mirror. 
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St. JOHN'S COLLEGE, Junb 182a 

1. When diverging or converging rays are incident nearly per* 
pendicularly upon a spherical reflector^ the conjugate foci lie on the 
same side of the principal focus, 

2. The concavity of a meniscus of glass of inconsiderahle thick- 
ness is filled with water ; the radii of the surfaces are 5 and 6 inches : 
required the focal length of the compound lens. 

3. The surfaces of a concavo-convex lens of inconsiderahle thick* 
ness are formed hy the revolution of an ellipse round its major and 
minor axes. Given the focal length of the lens and the axes of the 
ellipse, determine the refracting power of the medium. 

4. In the astronomical telescope^ the linear magnitudes of the 
visihle area and the hright part of the visible area are 

D D -- d D+d D 

where D, F and rf, f are the diameters and focal lengths of the 
ohject and eye glasses. 

5. A ray of light parallel to the axis of a paraboloid of glass after 
refraction cuts the axis in a given point; required the point of 
incidence. 

6. A fire is placed in the axis of a concave mirror^ which reflects 
one-eighth part of the heat, at a greater distance from it than the 
principal focus. Where must a small object be placed in the axis 
between the fire and its geometrical focus that it may be the least 
heated ? 

7* Two lights are placed in the opposite extremities of the 
diameter of a circle, the intensities of which are : : 4 t 3, What 
part of the curve is the most illuminated ? 

8. What spherical reflectors and lenses from aberration are more 
powerful in the centre than at a distance from it, and the converse ; 
and how are the eJBTects of this imperfection partially counteracted 
in the telesc(qp66 of Galileo and Cassegrain ? 
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9. If the cosines of incidence and refraction be to one ano- 
ther : : m : \» the surface^ which will refract parallel rays accurately 

to a point S, is formed by the revolution of the curve r^=:ia — v—r — 
* 8in.a 

round an axis drawn through S in the direction of the incident rays ; 
where r is the distance of any point from S, d the inclination of r to 
the axis^ and a an arbitrary value of r when ss 90^ 

10. A luminous body is surrounded by a medium which absorbs 
light W]|h a power varying inversely as the distance from it* At the 
distances 1 and r the intensities of light are t^ and c" ; prove that at 
the distance r the intensity is e*" . r""**"' 

1 1 . Prove that the altitude of the primary rainbow = 4}R — 27— S; 
where /Sssthe Sun's altitude^ 1 =si cos.""* / — r; — , and r =— ' 



■/ 



3 sin.JR 

for red rays. What is the corresponding formula for the secondary 
rainbow ? 

12. When a small pencil of homogeneal rays falls obliquely upon 
a spherical refractor^ in a plane which passes through its centre^ having 
given the focus of incident rays and the angles of incidence and 
refraction, required a formula to determine the geometrical focus 
of refracted rays. ' 



St. JOHN'S COLLEGE, May 1830. 

1. Compare the illuminations of a horizontal and an inclined' 
plane, the sky being covered with clouds of uniform brightness. 

2. Having given the breadth of a man's face, and the distance 
between his eyes : find the breadth of the narrowest plane mirror in 
which he can see the whole of his face. 

3. Find the successive images of a point placed between two con- 
centric concave reflectors, of equal focal length. 

4. Find the nature of the caustic, when the reflecting surface is 
a spheroid, and the rays are incident parallel to its axis» 
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5. Compare the real and apparent diameters of the bore of a 
barometer tube. 

6. When a ray of light passes in any direction through a prism, 
the incident and emergent rays make equal angles with the edge of 
the prism. , 

7. Find the angle subtended by a small object viewed through 
a lens not placed dose to the eye. 

8. In the above question find the distance of the object from the 
lens, the focal length of the lens being F, its distance from the eye 
k, and the distance of most distinct vision c. 

9. Find the radii of the surfaces of a lens of given focal length, 
when the longitudinal aberration for parallel rays is a minimum, the 
value of /A being 1*5. 

10. When a pencil of homogeneal rays is refracted into a sphere 
in such a manner that the rays emerge parallel after two internal 
reflections, determine the ultimate intersections of the rays in the 
plane of incidence. Determine also their ultimate intersection 
(after the first refraction) in a plane perpendicular to the plane of 
incidence. 

11 . When a beam of white light is incident on a prism in a plane 
perpendicular to its edge, the angle through which the emergent 
pencil is dispersed, 

2= sin./, secant ^^ secant 4^ . ^(a, nearly. 

12. Describe the Magic Lantern. If instead of having one lens 
between the picture and screen, it has two of equal focal lengths 3c 
placed at the distance 2c from each other, find the least distance 
between the picture and screen. 

13. The focal lengths of the object-glass, field-glass, and eye-glass 
of a telescope, are 60c, 6c, and 2c respectively, the diameter of the 
object-glass is Sc, that of the eye-glass is c : find the power of the 
telescope, and compute roughly the diameter of the field-glass when 
just large enough not to contract the field of view. 
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QUEEN'S COLLEGE, 1624.. 

1. A oivSN vertical object is supposed to be a given height above 
an horizontal plane, required the point in the plane from which the 
object will appear to have the greatest magnitude. 

2. Two points and an indefinite straight line placed between 
them, not at right angles to a line joining the points, being given in 
position ; find a portion of the line such, that its apparent magnitude 
seen from one of the points may be double of the apparent magnitude 
seen from the other. 

3. If a plane mirror revolve about an axis, the angular motion 
of the image of any object is double of the angular motion of the 
mirror. 

4. A radiant point and the position of the eye being given, both 
on the same side of a plane mirror ; if the mirror be supposed to 
move in a direction perpendicular to its own plane, required the locus 
of the several points of the mirror from which rays are reflected to 
the eye. 

5« It is required to find an incident ray parallel to the axis dl a 
given reflecting circular arc, which shall be reflected so as to pass 
through a given point in the axis. 

6. If a ray parallel to the axis of a glass sphere, one half of 
which is covered with a reflecting substance, fall upon the refracting 
half of the sphere ; after refraction it shall be reflected to a point in 
the axis, at a distance from the reflecting surface nearly equal to 
one sixth part of the sphere's diameter. 

7. Having given the distance of an image from a double concave 
lens, and the ratio of the object to the image ; required its focal 
length. 

8. How many radii of the convex surface of a plane convex lens 
must an object be placed from it, lo that its magnitude may be (m) 
times greater than that of its inverted image« 

9. An object viewed with a Gregorian telescope is magnified {m) 
times the focal length of the eye-glass is (a) inches, and the distance 
between their principal foci given ; required the relation of the focal 
lengths of the two reflectors. 
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1 0. If the thickness of two microscopic glasses be |^ of their radii 
of convexity^ and these be in the ratio of 10 to 3, how must the 
glasses be disposed in a double microscope^ so that an object 8 inches 
distant from the eye may be magnified 1000 times. 

i ] . When parallel rays are incident upon n spherical reflector^ 
■how that the radius of the least circle of aberration varies directly 
as the cube of the semi-aperture^ and inversely^ as the square of the 
focal length of the reflector. 

19. If the Sun be on the horixon^ what is the altitude of an hill 
from the top of which a rainbow will appear to be perfectly cu> 
cularF 

IS. The radiating point and the caustic being given^ show that 
there are an infinite number of reflecting curves which will produce 
the caustic. 



QUEEN'S COLLEGE, 1827. 

1« Flags an object before a double convex lens« so that the image 
may be double of the object^ and erect. 

2. Determine the apparent magnitude of a straight line, placed 
at a given depth, parallel to the surface of a vessel of water, the eye 
being situated in a given point in the plane passing through the ob- 
ject perpendicular to the surface. 

S. Two plane reflectors are inclined to each other at an angle of 
30® : required the number of images of an object situated between 
them. 

4. When the reflecting curve is a cycloid, and the rays proceed 
parallel to the axis> find the caustic. 

5. Find the magnifying power of a simple microscope. 

6. Explain the Camera Ludda. 

7. In a double convex lens, find the position of the conjugate 
tod yrhfa their distance from each other is a nnirimuni. 



x2 
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QUEEN'S COLLEGE, 1828. 

1. Thb foci of incidence and refraction of rays falling nearly 
perpendicularly on a concave mirror of given radius, are on opposite 
sides of the mirror, and the focus of refraction twice as far from it as 
the focus of incidence ; find their actual distances. 

2. A pencil of parallel rays is incident nearly perpendicularly on 
a plano-concave lens of given thickness, and after reflexion at the 
plane side, which is silvered, is again refracted out of the lens ; find 
the focus of emergent rays. 

3. A sphere of air is included in a medium of glass through which 
parallel rays are passing. What portion of the rays incident on the 
sphere will pass through it ? 

4. Find the nature, length, and law of density of the caustic when 
the reflecting curve is a circular arc, and the focus of incident rays is 
in the circumference. 

5. Given the radius of the arc of any colour in the primary rain- 
how : find the refraction when rays of that colour pass out of air into 
water. 

6. At what altitude ahove the centre of a circular annulus must 
a luminous point he placed, that the quantity of light on the annulus 
may he the greatest possihle ? 



QUEEN'S COLLEGE, May 1829. 

1. Find the direction of a ray passing through a given point, so 
that after heing reflected at two plane mirrors, given in position, it 
may pass through the same point again. 

2. AC IS vertical, CB horizontal, AB & straight line of given 
length, which reflects all rays incident upon it from a luminous point 
Q, placed at a given distance from C in CB produced. Find the in- 
clination of ^B that half the rays incident upon it may, after reflec- 
tion, meet C/^ produced. 

3. A luminous point is placed in the axis of a concave mirror of 
one foot radius, at the distance of three feet from it : to what point 
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are the rays reflected ? also^ determine the ratio of the initial velo- 
cities of the foci of incidence and reflection in this case. 

4*. A luminous point is placed in the centre of gravity of a right 
cone^ of a given altitude of a denser medium ; and its vertical angle 
is as large as possible^ that no rays incident on the base may be re- 
flected. Required the content of the cone. 

5. Find the nature^ lengthy and variation of density^ of the caustic^ 
when the reflecting curve is a circle^ and the focus of incidence is in 
the circumference. 

6. Find the focal length of a double convex lens of equal radii 
and inconsiderable thickness : and then^ supposing it to be double of 
either radius^ determine the refractive power of the medium. 

7- Construct Newton's telescope ; shew that objects appear in- 
verted through it ; find the field of view ; and trace the course of a 
pencil of rays on supposition that a rectangular prism is substituted 
for the plane reflector. 

8. A luminous point is in the middle of the asis of a hollow 
cylinder of given lengthy and just half the rays diverging from it fall 
on the interior surface. From these data^ compare the intensity of 
the light at the edge^ with that in the middle of the surface. . 



QUEEN'S COLLEGE, May 1830. 

1. A jLUMiNOUs point is placed at a given distance in the per- 
pendicular through the centre of a given square: find the whole light 
incident on the square. 

2. A concave spherical reflecting surface is filled like a cup with 
water; given the focus of rays diverging from a point above the 
surface of thq water, to find the focus of rays which emerge after 
having sufiered two refractions and one reflection. 

S. A luminous point Q, is placed at four feet distance, in the axis 
of a convex mirror of one foot radius ; find the focus q of reflected 
rays : also find the ratio of their initial velocities, supposing Q to be 
put in motion. 

4. A pencil of rays diverging from the centre of a sphere, after 
refraction at its surface, diverge from the opposite extremity of the 
diameter; required the refractive index* 
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5. A telescope connsts of three convex lenses, whose focal 
lengths are as 30, S, and 1 ; the latter two heing at the distance 2 from 
each other: find the magnifying power, and trace the course of. the 

r»ys. 

6. On' supposition of the Sun's light being homogeneous, shew 
what would be the nature and width of the primary rainbow ; and 
determine fVom observations made on such a bow, the refrangibility 
of the light in passing out of air into water. 

7. Prove that the deviation of a ray which passes thiougb a 
prism in a plane perpendicular to its axis is a minimum when the in- 
cident and emergent rays make equal angles with the sides of the 
prism : and shew that there could be no such minimum, if the angles 
of incidence and refraction, instead of their sines, were in a constant 
ratio. 



CORPUS CHRISTI COLLEGE, 1825. 

1. What are the two principal hypotheses which have been 
formed respecting the nature of Light? How has it been found that 
the action of light is not instantaneous ? What are the three laws 
on which the theory of Optics is founded, and how are they esta- 
blished by experiment ? 

2. Q and q are the conjugate foci of a small pencil of parallel 
rays, incident nearly perpendicularly on a spherical reflector, F is the 

principal focus, QEssq, Eq^q', EF^f; shew that 7 = "i-H 5 

and hence pr^ve that Q and q lie on the same side of F, that they 
move in opposite directions, and meet at the centre and surface of the 
reflector. 

3. Determine the aberration in reflection, at a spherical surface* 

4. Parallel rays are incident on a parabola in a direction perpen- 
dicular to its axis ; find the equation to the caustic by refiection> and 
the angle at which it cuts the axis of the parabola. 

5. PR is a straight line placed before a spherical reflector, and 
inclined at a given angle to £P. Prove that its image is a conic 
section. Determine the angle ^ which the axis-major makes with 
EP at E, and shew that the image is an arc of an ellipse^ hyperboUt 
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or paiaboU> according as EP cos ^ ii grealer than, less than, or equal 
to^ one half the radius of the reflector. 

6. Determine the deviation of a raj of light refracted through a 
triangular glass prism, and shew that it is a minimum^ when the 
incident and emergent rays make equal angles with the sides of the 
prism. 

7. If a plane reflector tUm round an axis, shew that the angular 
motion of an image formed by reflection, is double that of the 
reflector. 

8. A and A' are the distances of the fodof incident and refracted 

rays from the surface of a spherical refractor, whose radius s r, 

shew that 

1 _ w-l I ^ 

A' mr JwA 

the direction of incidence being nearly perpendicular to the surface, 
and deduce the ndues of A' for rays incident on the concave and con- 
vex surfaces, both of a rarer and a denser medium. 

9. A Bab is a sphere whose radius £= r, Bcb is a spherical surface 
whose radius = f', BAbc is glass, and Babe any other substance 
whose refracting power is given ; if QA be a ray of light refracted 
through the sphere, flnd the geometrical focus of refracted rays. 

10. Find the aberration in a lens whose thickness is incon- 
siderable. 

11. If 1 -f" ''i 1 + t'> be the ratio of refraction for red and videt 
rays respectively, in a lens whose aperture = », shew that the dia- 

meter of the least circle of chromatic aberration ^ ' • «. 

12. ABia£k lens whose focal length s a ; suppose that a short- 
aghted person, unable to see distinctly objects beyond distance a, is 

alsounaUe to see those within the distance - ; find the least value 

m 

of A, for which the above lens will be of use. 

13« CoBstruet the Gr^orian telescope, and find its magnifying 
power. 

14. Given the distance at which a short-sighted person can see 
distiactlyj find the distance between a given olgeet-glas^ and a given 



136 EXAMINATION PAPBEs [Corp. Chv. 

eye-glass in the astronomical telescope^ when adapted to such an eye> 
and to distant objects* 

15. Determine the focus of a thin pencil of irays, after being re- 
fracted obliquely at a curve surface ; and shew that if the surface be 

plane^ 

sin.O sin.» . ^^ n 

vlu :: — ^ : — f » where QP ^u^Pq^ v; 

COS.2^ C0S.2p 

^ == angle of incidence, and p =: angle of refraction. 

16. The colours of the secondary rainbow occur in the inverse 
order of those in the primary. 

17- Find the altitude of the highest point of the rainbow above 
the horizoui and the breadth of the colours. 



CORPaS CHRISTI COLLEGE, Junk 1829. 

1. Explain the properties of light upon which the laws of 
Optics depend. State how and by whom it was discovered that the 
propagation of light is not instantaneous, and describe accurately the 
experiment by which Newton determined that it was composed of 
rays differing in refrangibility and colour. 

2. An object is placed between two plane mirrors not parallel 
Find the number of images which will be formed of it by successive 
reflections, and apply the principle to explain the construction of the 
Kaleidoscope. 

3. If a pencil of divergent rays be received upon any curved 

reflector at a dists^ce u from its focus, the distance v of their inter- 

1 1 4 
section after reflection will be found from the equation — I — = ~> 

^ u V c 

c being the chord of curvature passing through the focus of incident 

rays. 

d*. Determine the caustic by reflection at a spherical surface after 
two reflections of the incident irays, the luminous point being in any 
part of the surface. 

5. Give a practical method of determining the refractive power 
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of any subatance^ solid or fluid ; and find the angle, at which a ray 
must be incident upon a prism so that the deviation in passing 
through the prism may be a minimum^ the whole course of the ray 
being in a plane perpendicular to the axis of the prism. , 

6. Find the geometrical focus of rays after refraction at a 
spherical surface of a refracting medium : and determine that focus 
of incidence which will have its geometrical focus of refri^cted rays 
at the least distance from it : also that focus of incidence for which 
there will be no aberration. 

7. Find the principal focus of a sphere^ and apply the expression 
to the case of a -sphere of glass placed in a medium of water^ the 
luminous point being within the medium. 

8. Define the centre and focal centres of a lens^ and determine 
the latter for the meniscus. 

9. ParaUel rays are incident upon a double convex lens of which 
the second surface is silvered ; the radii of the lens are 5 and 7 inches 
respectively^ and the index of refraction 2*45. Find the focus of 
emergent rays. 

10. Determine the spherical aberration of a lens, and shew that 
it varies as the square of the radius of the aperture. 

11. Explain fully the construction of the human eye^ and shew 
to what optical instrument it is very nearly analogous. 

12. Determine the diameter of the least circle of chromatic 
aberration. 

13. Define dispersive power^ and construct an achromatic prism. 

14. Prove that rays which after reflection or refraction tend to 
form an image, may he. refracted to the eye by a double concave 
lens^ so as to form a distinct image on the retina : and determine 
the variation of the visual angle in this lens. 

15. Construct and explain Cassegrain's telescope^ find its mag- 
nifying power, and define the boundaries of the field of view : shew 
also the advantages of this telescope over that of Gregory. 

16. When contiguous parallel rays fall upon a spherical drop of 
water and emerge parallel after any number of reflections, find the 
angle between the incident and emergent rays. Explain the forma- 
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turn of tha xftinbow, and the ctuie of tke inserted otder of the 
coleinf in the pciiiiarj and seooadaxy bow8» and delermisie ihe 
bteadth'of then* 

17. Find the fonn of the suiface of a medium which will refract 
rays diverging from a point without it aecuzatelj to a point wiihin 
itaelf. 

1 8« The cauf tie formed by rays after refraction at a plane refract- 
ing surface is the evolute to the ellipse or hyperbola, aooordiiig as 
ihe medium is denser or rarer. 



NEWTON. 



TRINITY COLLEGE, 1820. 

1. Explain by short examples, the method of exhaustions, of 
indivisibles, and of prime and ultimate ratios. 

2. Prove that if a radius vector be drawn biiecting any fttc, it 
must ultimately bisect the chord. 

3. If a stndght line EDA make with the curve CBA a given 
angle at the point A, and the ordinatet CE, BD be drawn ; the 
triangles ACE, ABD are ultimately in the duplicate ratio of the 

sides. 

4. Let A B he the subtense of the arc, AD the tangent, BD the 
subtense of the angle of contact perpendicular to the tangcrnt, a9 in 
the 11th Lemma: then let a series of curves be drawn in which 
DB oc AD*, AD^, AD^, &c., the angle of contact in each succeeding 
case will be infinitely less than in the preceding. 

5. If the areas described by the radius vector are not propor- 
tional to 'the times, the revolving body is not acted on solely by a 
force towards a fixed centre. 

6. If a body be acted on by a given force and revolve in a circle, 
the arc described in any given time is a mean proportional between 
the diameter of the circle and the space through which a body 
would descend in the same time from rest if acted on by the same 
force. 

7. The velocity at any point of a curve described round a centre 
of force = the velocity which a body, acted on by the given force at 
that point, would acquire by descending through | part of the chord 
of curvature. • 

8. Given the force of gravity =c 32 feet, and the radius of the 
earth ss? 4000 miles; deduce a numerical comparison between the 
force of gravity and the centrifugal force al the equator. 
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9. If a heavy body be whirled round in a vertical plane, and the 
centrifugal force at the top just keep the string extended ; what will 
be the tension of the string at the lowest point of rotation ? 

10. In any orbits let x = dist p = perpendicular on the tangent : 

dtf 
centripetal force a -ly- Apply this expression to determine the 

p^dx 

law of the force in an ellipse round the centre, and in a circle with 

the centre of force in the circumference. 

1 1 . Deduce expressions for the chord of curvature passing through 
the focus, and the diameter of the curvature at any point of an 
ellipse. 

12. All parallelograms described about any conjugate diameters 
of a given ellipse or hyperbola are of equal area. 

1 3. Compare the centripetal and centrifugal forces at any point 
of an orbit ; prove that in an ellipse round the centre, there are four 
points where these forces are equal. 

14. Prove ^Nervion, Prop. XL] that 

Gv X vP : Qv^ : : CP^ : CD^. 

15. The perpendicular from the focus of a parabola upon the 
tangent is a mean proportional between the focal distances of the 
point of contact and the vertex. 

16. Prove that the 

1 ' 

force tending to the focus of a parabola a — • 

17. The velocity of a body revolving in a parabola round the 
focus s: the velocity of a body revolving in a circle at half the 
distance. 

18. If two bodies revolve in an ellipse in the same periodic time ; 
one about the focus, and the other about the centre ; compare the 
forces towards these centres at the extremities of the major axis, 
and find the distance from the centres at which the forces are 
equal. 

19. If the force a jrr and a body be projected in any direction, 

JJ 

except directly to or from the centre of force ; prove that it will 
describe a conic section, and point out the relation between the 
velocity of projection and the particular curve described. 
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TRINITY COLLEGE, 1820. 

1. (l).<rHB centripetal force (F) in any curve = Q • -g^* {p) 

being the perpendicular from the centre of force on the tangent^ 
at distance (x). Determine Q« 

(2). Find the value of {F) in the ellipse— the force tending 
to the centre. 

2. If a body, be acted on by two forces tending to two fixed 
centres^ it will describe, about the straight line joining those centres, 
equal solids in equal times. 

3. A body describes a parabola about a centre of force situated in 
the focus : 

(I). Find its position at any assigned time. 
(2). Given two distances from the focus, and the difference of 
anomalies. Find the true anomaly. 

4. The time of a body's descent, in a right line, towards a given 

centre of force varies as rr: — - from that centre. Required the law 

(dist)2 , ^ 

of the variation of the force. 

5. A body at P is urged by an uniformly-accelerating force in 
the direction PS, and at the same time is impelled in the opposite 

direction by a force varying as rj. — r from S. Find its velocity at 

any point N. 

6. In the logarithmic spiral find an expression for the time of a 
body's descent from a given point to the centre, and prove that the 
times of successive revolutions are in geometrical progression. 

7. A body acted on by a force varying as jr-, — r from the centre, 

is projected from a given point, in a given direction, and with a 
given velocity. 

(1). Find the equation to the trajectory described. 

(2). Determine in what cases the body will fall into the 
centre, or go off to infinity. 
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' 8. The force varying as ^ shew under what restrictions of 

the velocity of projection, the body'ft apinroach towards the centre^ 
and its recess towards infinity, will be limited by asytnioiic circles, 

9- The difference of the forces by which a body may be made 
to move in the quiescent and in the moveable orbit varies as 

rr. — rr from the centre, 
(dist.)' 

10* (1). Deduce the equation to the orbit in fixed space. 

(2). Shew that when any one of Cotes's three last spirals is 
made the moveable orbit, the orbit in fiteSi space will be one of 
the same species. 
1 U Why are the principles of the 9th Section inapplicable to the 
ctmplete explanation of the planetary motions ? 

12. Make a body oscillate in a given hypocycloid. 

13. Griven the position of a body on a rigid logarithmic spiral 

which it is made to describe by a force varying as . from the 

pole, find 

(1), The point where the body will leave the spiral. 

(2). The time of arriving at that point. 

(3). The elements of the orbit which it will then describe. 

14. Demonstrate the 66th Proposition. 

15. Find expressions for the disturbing forces on P when at a 
given distance from quadratures* 

16. If ST and the absolute force of iS be changed, the periodic 
linear errors of P vaiy as >p '-j f T^g ' C^'op* 6®* ^^\ ^^'1 

17. Prove that the mean disturbing force on the moon in a whole 
revolution = -^ J the mean addititious force. 

18. When the force varies as the (dist), shew that there will be 
no disturbance. 

(1). Had this law pervaded the universe, what Would have 
been the consequence. 

(2). On what circumstances in the variaiitms of the elements 
of the orbits does the stability of the planetary system depend p 



] 9. iS is the centrei SA the rudius of a spherei each of whose 

particles has an attractive force varying ^s jj: — -, Having assumed 

in SA produced any point P, and having taken SP I SA :: SA I SI, 
find the ratio of the attractions which the whole sphere exerts on 
equal corpuscles placed at P and /. 

20. The attractions of ellipsoids upon particles placed on the 
surface urging them in directions perpendicular to any principal 
flection are proportional to the distances of the particles from that 
section* 

21. PfDve that a shell of homogeneous matter contained between 
two concentric spherical surfaces^ will attract a particle placed without 
it in the same nlitnner as if all the matter were collected in the 
centre^ in the fblloMring cases : 

(1)» When the law of attraction is that which obtains in 
nature. 

(2). When it varies as the distance. 

(3). When it =» ilar + -j, (a?) being the distance. 



TRINITY COLLEGE, 1823. 

1. Explain the mode of reasoning by which Newton determines 
the ratios of quantities which vanish together ; and prove that the 
ultimate ratio of the arc, chord, and tangent to each other is one of 
equality. 

2. A body revolves in a semi-ellipse, and is urged by a force acting 
in lines perpendicular to the axis ; find the law of force [Sebol. to 
Prop. 8i] 

3. Let P = force on a body at distance r ; u ss - ; v sa angle 

comprised between r, and a fixed line ;t=s time of motion ; A ^ twic0 
the area traversed by r in 1", the following equations will obtain ; 
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(2). (velocity)* = *' (^ + «*) 



(3).* = ^, 

4. The angle between the distance and perpendicular increases or 
diminishes according as the velocity in the curve is greater or less 
than the velocity in a circle at the same distance. 

5* Let a body which is acted on by a given force varying -=- 

be projected from a given point in a direction which makes with the 
initial distance D an angle = I, and let velocity of projection = n 
times velocity from infinity^ 

the axb major of orbit described = l» 



the axis minor* 



1 - n« 
2nD . sin.} 



6. A body falls down the vertical axis of a paraboloid whose 
vertex is downwards; in what point of its descent will it have 
acquired a velocity sufficient to cause it to describe a circle along the 
surface of the paraboloid^ if whirled round as a conical pendulum. 

7. The perihelion distance of a Comet's parabolic orbit is a, and 
the radius of the Earth's orbits which is circular^ is r. The time 
during which the Comet is within the Earth's orbit is 

where u = intensity of force at distance unity. 

8. If a body be projected from G towards a centre of force S, 

which varies as jr^f and velocity of projection = n times velocity in 

a circle at same distance, w® being less than 2; the time of 
describing GC 

= ,sfc, ,^» X {2fl - 26' + sin.2fl - sin.SO'}. 
V{(2 — «*)'.»} 

where DssSG, Z. ASD = a, Z ASG^ff. [Newton, Prop. 37.] 
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9. A 'body may be made to describe a lemniscata round a centre 
of force placed in th^ nodu8> and whose intensity at distance r 

= — — , where a = greatest value of r. 

10. A body acted on by a lepulsive force which varies •=-- 

is projected from an apse with a velocity which is less than that 
acquired in faUing from an infinite distance; construct the orbit. 
[Prop. 41, Cor. 3.] 

11. A body is projected in such a manner as to describe a reci- 

procal spiral whose equation is d s=: - : the time of performing the 



nth revolution = 



n* 



2(w — \)if iju 

12. Determine the point of ultimate intersection of mn and 
pC [Prop. 44]. 

13. Let the force urging a body consist of two parts, one of 
which varies inversely as the square, and the other inversely as the 
cube of the distance ; determine the orbit. 

14. Explain why the theory of the ninth section cannot be 
applied to determine the motion of the apsides of the lunar orbit. 

15. If the force vary as the distance, determine the nature and 
equation of the orbit, so that the times of descent from different 
points in it to the centre, may always be the same. 

16. A body acted on by gravity is projected along the interior 
surface of a cylinder whose axis is vertical ; define its motion. 

17. Find the relative motion of several bodies which mutually 
attract each other with a force which varies as the distance. 

18. The lunar months are longer in winter than in summer: 
explain fully the cause of this phenomenon. 

19. The mean motion of the nodes is to the mean motion of the 

P 
apsides in a given ratio, and each varies as -^, where p = P*s pe- 
riod round T, and P = T\ round •S. 

20. A particle of matter is situated in the axis of a paraboloid 
coQsiBting of equal particles^ each of which attracts with a force 

L 
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proporlioittl to the distanee f find the magnitude and positioii of a 
sphere eonriiting of stmilar particles^ which shall exert equal at- 
traction on it 

21. A particle of matter rests any where on the surface of a 
solid of ievolotion« which revolTes round its aids in a giyen time, 
and is attracted towards the centre with a force which is as some 
detenbihate function of the distance from it. Find the fortu of the 
solid and apply the rbsult to the case when the force varied dii^ctly 
as the distance. 

22. A hody acted on hj the uniform force of gravity moves in a re- 
suting medium; the resistance to its motion in any point of which the 

co-ordinates are x, y, is - ^ •^ (gravity e=g), and shew that 

this result comddes with that of NeWton^ Book It. Prop. 10. 



TRINITY COLLEGE, 1824. 

1. Statb the method of reasoning hy which Newton determines 
the ratio of quantities which vanish together. What objection has 
been raised against the principle^ and how does Newton answer it ? 
Shew that quantities which vanish together do not necessarily vanish 
in a rieitio o^ equality. 

2. Define similar curves^ when referred to a point, and when 
referred to an axis : in each case shew that the corresponding sides, 
curvilinear, as well as rectilinear, are proportionals; and that the 
areas are in the duplicate ratio of the sides. 

3. The ultimate ratio of the arc, chord, and tangent to each 
other is one of equality. 

4. Every body that moves in any curve situated in a plane, and 
by a line drawn to a point, either at rest, or moving forward with 
uniform rectilinear motion, describes about it areas proportional to 
the time, is urged by a centripetal forc^ tending to that point. 

f. If A be twice the area traversed by the radius vector in 1^; 
prove the following espreniens ,* 
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2A« . QR 



(1). F = 



(2). F = 



2A^ . QR 



6. Let a bodj revolve in the circumference of a circle round a 
centre of force which is not the centre of circle. Find the law of 
force. 

7. In the preceding proposition^ let radius of circle = r ; dis- 
tance of centre of force from centre of circle — a ; and let the dis- 
tance of the body frorti centre of fbrce at commencement of motion 
equal radius of circle. The time elapsed before the body arrives at 
its least distance from the centre of force 

= _!!L_. /?.U^a /U'-t)1 

where 6 is an arc whose sine is / ( 1 — 7t«)> ^^^ ^ "■ intensity of 

force at initial distance r. 

8. The periodic times in all ellipses round the same centre are 
equal. 

9. The periodic time in an ellipse round the focus 

where t^ =: intensity of force at distance unity. 

10. A body describes an equiangular spiral round a centre of 
force in its centre. Find the law of force. 

11. A body describing a circle uniformly^ is suddenly impelled in 
a direction making auy acute angle with the radius ; and velocity 
before impact ; velocity after ; : >/2 : \/3. Find the change pro- 
duced in the periodic time. 

12* A body^ acted on by gravity ^d suspended by a string, has 
a circular motion communicated to it. Shew that the time of revo- 
lution if independent of the length of the striog> and the same for 
all cones of the same altitude. 

L 2 
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TRINITY COLLEGE, 1826. 

L If SP be the focal distance in a parabola^ and PV the 
abscissa cut off by the semi-ordinate QV; QV^ = ^SP . PV. 

2. All parallelograms formed bj tangents drawn to an ellipse at 
the extremities of any semi-conjugate diameters are equal to each 
other. 

3. The diameters which bisect the lines joining the extremities 
of the axes of an ellipse are equal and conjugate. 

4. Find the polar equations of the parabola, and ellipse ; and 
also of the latter when referred to the centre. 

5. The semi-diameter belonging to any point in an ellipse of 

small eccentricity, is nearly equal to ail • sin.«x j» where 

\ is the angle at which a normal to that point cuts the major axis. 

6. The ultimate ratio of the arc, chord, and tangent to each other 
is one of equality. 

7. The evanescent subtense of the angle of contact is ultimately 
in the duplicate ratio of the subtense of the conterminous arc 

8. State the nature of the angles of contact, to which the reason- 
ing in the first section is restricted ; and shew whether there be any 
such limitation introduced in proving the two preceding propositions. 

9. If F, /, be the forces on bodies describing similar parts of 
similar figures round centres similarly situated in them, and A d 
be the central distances, F, v the velocities, P, p the times of describ- 
ing similar parts of the curves, then will 

^ ^^ " B ' d 

D d 
• • — • — • 

10. Shew from the differential equations of motion, that a 
revolving body attracted by a • force tending to a fixed point, will 
describe round it areas which are in the same plane, and proportional 
to the time. 
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11. A body moves in the circumference of a circle, and is 
attracted towards a fixed point situated without it ; find the law of 
force^ and shew through what portion of the circumference the force 
must be repulsive. 

12. A body revolves in the circumference of a circle round a 
centre of force situated at a distance (a) from the centre of the 
circle. The periodic time 

(r — a) s/ti. 
where yu = intensity of force at least distance. 

13. The periodic time in an ellipse round the centre 

= -7~> where fb = force at dist. = 1. 

14. A body acted on by a force which varies . ,. > is pro- 
jected from a given point, in a given direction, with a given velocity 
whose square is less than twice the square of the velocity in a circle 
at the same distance* Find the orbit described, and its position. 

15. If r be the time of a comet's passage after quitting 
perihelion distance (which = a) through an angle = d, shew that 

16. Sensible gravity at the equator being 288 times the centri- 
fugal force, shew that if the movement of the Earth round its axis 
were 17 times v^^hat it is actually, bodies at the equator would 
cease to gravitate to the Earth. 



TRINITY COLLEGE, 1827. 

1. Explain and illustrate by examples the terms Prime Ratio, 
&nd Ultimate Ratio. 

2. Define similar curves when referred to an axis ; and shew 
that all cycloids are similar curves. 

3. At a point A^ a straight line AD meets a curve AB, Two 
parallel lines J5Z), hd are drawn cutting the curve in £, and h^ and 
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t^ 9traight line in D and d. Find the ultimate ratio of the areas 
ABD, Abd, when B and b move up towards A, {I), when AD is 
not a tangent to the curve at A, (2) when it is. 

4. The path of a body moving about a fixed centre of force is in 
one plane> and the areas contained by lines drawn from the body to 
thb centre are proportional to the times. 

5. A body moves in a circle acted upon by a force tending to a 
point without the circle. Find the variation of the force, and thence 
deduce the variation of the force, when it acts in parallel lines. 

6. The periodic times in all ellipses described about the same 
centre are equal. 

7. Find the law of force tending to the focus of the hyperbola. 

8. Admitting the periods of the different planets to be in a 
sesquiplicate ratio of the principal axes of their orbits, shew that they 
are attracted towards the Sun by forces reciprocally proportional to 
the squares of their several distances from it. 

9. In any conic section, the centripetal force is to the centrifugal 
as the distance of the body from the focus to half the latus rectum. 

10. A body, whirled round by a string, just describes a vertical 
circle, whose radius is the string. What weight must the string^ be 
at least able to support, in order to retain the body in the circle ? 

TRINITY COLLEGE, May 1828. 

1 . EstPLAiN the principles of Newton's method of Limits ; and 
in a right-angled triangle, whose altitude is constant and base 
variable, find the ultimate ratio of the increment of the base, to the 
corresponding increment of the hypotenuse. 

2. What is meant by the curvature of a curve ? Show that the 
curvature at different points of the same circle is the same : and 
explain why circles are taken to measure the curvature of all curves* 

3. Prove Newton*s Ninth Lemma. 

4. A body moves in a curve, the force tending towards a fixed 
point ; given the velocity and direction of its motion at any point of 
the curve, to find an equation between the area described, in any 
time after its leaving that point, and the time of describing it* 
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5. If F and/ be the forceg, J) and d the central difltencei at 
arailar points of simihir curves^ P and p tibe tines of describmg 
similar portions round centres of force similarly situated ; shew that 

6. Investigate the following formuls : 






"/ 



a being the area described in i'^, apd F irepreseAting the force op the 
scale on which that of gravity is rep^e^pted l^y 2o?« 

7. Two circles^ which intersect^ are described by two bodies 
attracted towards a third body^ placed in one of the points of inter- 
section : prove^ that the periodic times in these circles will be as the 
cubes of their radii. 

8. A body xaoves in a logarithmic curve^ and the force ^ts in 
parallel lines^ in a direction perpendicular to the abscisse. Find the 
law of force. 

9. A. body revolves in an ellipse, attracted by a force tending to 
centre. Find the variation of the force : and shew that in different 

ellipseSj periodic time oc . , r. Explain distinctly, what is 

meant by absolute force. 

19. F cft j^ and a body, is projected 'irom a given point in a 

direction which makes an angle ($) with the initial distance A t then 
if the velocity of projection as n times that from infinity^ 

the axis-tnajor of orbit described = -f 

_ , . 2n^.sin.) 
the axis-miaor #....•• ss.-tti -^* 

) 1. Explain the nature of centifrugal force ; and prove that ixl 

all curves it =s ^^» (d being the area described in T )• 
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12. A body moving in a pazabola, force in focus> arrives at the 
extremity of the latus rectum (4a). Show that if (/) represent the 
force at the vertex, (on the scale on which gravity is represented by 

2m), and a velocity = • /^ be communicated to the body in the 
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directum of the latus rectum^ it will describe a circle round the 
focus. 

Conic Sections. 

1. Given the curve and any diameter of an ellipse^ and a point 
in the curve, which is not a vertex of the diameter, to draw from 
this point an ordinate to the diameter. 

. 2. If any two ordinates QQ^, q^, terminated both ways by the 
curve of a parabola^ intersect each other in M ; and P, p be their 
respective parameters, prove that QM . MCt : qM . Mq' 11 P : p. 

3. Any section of a paraboloid, not perpendicular to the base, is 
an ellipse. 

4. If PQ be an arc of any conic section, QR parallel and QT 

perpendicular to the radius-vector, the limit of -^^ = the latus 
rectum. 

5. With vertex C, and axis CX, (the centre and asymptote of an 
equilateral hyperbola) and latus rectum = CK (any distance mea^ 
sured along the asymptote), a parabola is described, cutting the 
hyperbola in M: show that if KL, be drawn to the hyperbola, and 
MN to the asymptote, both parallel to the other asymptote, then 
will MNf CN be two mean proportionals between CK and KL, 

TRINITY COLLEGE, May 1828. 

1. Explain Newton's method of prime and ultimate ratios, and 
shew that Leibnitz's positions with regard to curve lines, &c. agree 
fully with it. 

2. What were the . circumstances of the motion of the planets 
discovered by Kepler which served as tests to Newton in his selection 
of a law for the universal gravitation ? How does it appear that the 
mutual attraction of particles of matter could not be directly as their 
distance ? 
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3. When a body moves in a curve by the action of a central 
force, the polar equation to the orbit is 

show that at an apsidal point u + — is the reciprocal of the radius 

of curvature* 

, 4<. Explain Newton's method of deducing the circumstances of 
the rectilinear motion of a body towards a centre, (the force varying 
inversely as the square of the distance) from those of curvilinear 
motion. How does he get over the difficulty that on this hypothesis 
the body should never pass through the centre ? 

5. Investigate the general Proposition in the 7th Section (Prop. 
39), and shew what forms the curves assume when the force varies 

(1). as the distance. 

(2) square of the distance. 

(3.) inwrsely as the distance. 
How is this construction made applicable to the case in which a body 
is projected towards the centre with a velocity greater than that 
which it could acquire by falling from an infinite distance ? 

6. If a body moving in any curve be urged by a centripetal force, 
the velocity which it has at any place depends solely on its original 
velocity and its distance from the centre [|Prop. 40^. The same 
proposition is applicable to constrained motion on a curved surface. 

7. Investigate in Newton's or Cotes's manner the nature of the 
orbit described by a body projected with a given velocity, and urged 
by a force tending to a given centre and varying according to a given 
law, tod apply the result to the case of a force varying inversely as 
the square of the distance. 

8. Explain Newton's method of accounting for the motion of the 
apsides of an orbit, and prove that the disturbing centripetal force 
which causes it varies inversely as the cube of the distance from the 
centre. 

9. In Example 3, to Prop. 45, where the ferce is supposed to 

Vary as 3 > when jT — X is substituted for A, it is found 

A^ 

necessary to suppose T= 1, in order to get out the result. What 

is the reason of this ? 
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10. When a body urged hy a centripetal force is cooBtrained to 
move in a plane not containing the centre of force, the equable 
description of areas obtains with respect to the projection of the 
centre on the plane. [Prop. 46.] 

11. If two bodies mutually attracting each other rev(4ve about 
their common centre of gravity ; either of them might be made to 
describe round the other kept immoveable a 6gure identical with that 
which it does actually describe relatively to that other. 

12. If three bodies be in motion urged by their mutual attrac- 
tions, there is one case in which their motions take place without any 
distufbance, and another in which the disturbance is very small. 

1 3. If the motion of a body P, revolving about another T, be 
disturbed by the action of a third distant body, (the attractions being 
inversely as the squares of the distances,) prove that the velocity of 
P will be greatest, the curvature of its orbit least, and its distance 
from T least, in conjunction and in opposition. What is here sup- 
posed to be the undisturbed form of P's orbit ? 

14. In the same case show that the following effects must ensue : 

(1). A variation in the periodic time of P, if the distance 
of 1^ be variable. 

(2). A progression of the apsides of P's orbit, if eccentric. 

• (3). A variation in this progression. 

(4). A variation in the eccentricity of P's orbit. 

(5). A variable regression of the nodes of P's orbit, if 
inclined to the plane containing T and S* 

15. State and explain in order the " Lunar Inequalities" observed 
by astronomers, before the time of Newton, and show their agree- 
ment with the effects mentioned in the last article. 

16. What other terrestrial and celestial phenomena does Newton 
account for in the Corollaries to Prop. 66 ? 

17. How does it appear that Saturn's ring cannot be a connected 
and rigid body ? 

18. The common centre of gravity of the Eatth and Moon 
describes about the Sun, very nearly, an ellipse in one plane, and the 
area passed over by its radius vectot is very nearly pvoportional to 
the time [Airy's Tracts]. 
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19. Prove that if all particles of matter attract each other with 
forces inversely as the squares of their distances^ a ccnrpuscle placed 
within a spherical shell is equally attracted in all directions 
Prop. 70. 

20. If a spherical shell of indefinitely small thicbiess composed 
of particles according to the law of the inverse square of the distancci 
its attraction on any point without it> is the same as if the whole mass 
were collected at the centre QW he well's Dynamics>2' 



TRINITY COLLEGE, Junb 1829. 

1. Whbn are two quantities said to he uliifnaUfy equal ? 
Shew that the sine and tangent of a circular arc are ultimately 

equalj and that the versed-sine ultimately vanishes with respect to 
the sine. 

2. Enunciate and prove Newton, Lemma 4 ; and apply it, or 
Lemma 2, to find the area of a portion of a parabola cut off by an 
abscissa and ordinate to the axis. 

3. The spaces described by a body when acted upon by a finite 
force are ultimately as the squares of the times. Prove this Lemma, 
shewing clearly that Lemma 9, can be properly applied to this 
case. 

4. Define the circle of curvature, and shew that the chord of cur- 
vature to a point P is the ultimate value of '^^jt* ^^® chord being 

parallel to the subtense QR of the angle of contact. Apply this to 
determine the chord of curvature through the centre and focus of an 
ellipse. 

5. If a body describe equal areas in equal times in the same plane 
about a fixed point, the body is urged by a force tending to that 
point. 

6. Prove that the centripetal forces in different curves vary as the 

QR 
ultimate values of -^> T being the time of describing an arc PQ ^ 

and shew that the force is equal to the ultimate value of Tr5r~r7TW 
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and also to pp.' where k = twice the area described in 1", and ^= 

velocity at P, and PVthe chord of curvature through the centre of 
force. 

7. Apply one or other of the preceding expressions for the force, 
to prove that if F,f, be the forces, R, r, the radii vectores, V, v, the 
velocities at similar points of similar curves, P, p, the times of de- 
scribing similar arcs 

^ ^ V^ v^ R r 
••^ • • /e • r • • /'^ • p2 

8. A body moves in the circumference of a circle, required the 
law of force tending to a point without the circle. Through ivhat 
portion of the circumference must the force be repulsive ? 

9. If a body revolve in an ellipse, required the law of force tend- 
ing to the focus. How does Newton infer the converse of this and 
the two following propositions ? 

10. Deduce expressions for the periodic time in an ellipse, and 
for the velocity at any poi;nt, force in the focus. 

11. A body describing a parabola, force in the focus, arrives at 
the extremity of the latus rectum. What alteration must be made 
in the absolute force that the body may afterwards describe an ellipse 
of which the axis-major shall be equal to the latus rectum of the 
parabola ? Determine also the position and magnitude of the minor 
axis. 

12. If a body describes a curve round a centre of force, shew that 



i;2 . 



— is the resolved part of the centripetal force in the direction of the 
normal at a point where (/>) is the radius of curvature, and («) the 
velocity of the body. — is sometimes called the centrifugal force. 
What is the meaning of the term in that case ? 

13. Apply the differential equations of motion to prove that a 
revolving body acted upon by a force tending to a fixed point will 
describe round it areas proportional to the times. 

14. If P be a point in a parabola, and QQ^ be drawn parallel to 
the tangent at P and PF parallel to the axis, QC^ is bisected in F. 
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15. If an ordinate PQ and a tangent PR be drawn from the 
same point P in a parabola> any diameter DEF terminated by the 
ordinate and tangent is divided by the curve in the same proportion 
in vrhich itself divides the ordinate. 

1 6. Shew that in an eUipse SY^ =: BC^ . ^. 

17. If a right cone be cut by 8( plane through both slant sides^ the 
section is an ellipse. Prove this^ and having given the points where 
the cutting plane meets the slant sides, determine the axes of the 
ellipse. 

18. If a tangent be drawn to any point P in an hyperbola, meet- 
ing the asymptotes in L and K, and C be the centre of the hyperbola 
the triangle CLK is invariable. 



TRINITY COLLEGE, Junk 1829. 

1 . Shew that the spaces described by a body when acted upon by 
any finite force are ultimately as the squares of the times. What co- 
rollaries does Newton deduce from this Lemma respecting the errors 
of bodies ? 

2. A body describes an ellipse, required the law of force tending 
to the focus. [I Newton's method.] 

3. Find the place of a body describing a given parabola, at an 
assigned time from its leaving the vertex ; also conversely, find the 
time of the body's arriving at an assigned point. [^Newton's 
method.] 

4. S and S' are two centres of force varying directly as the 

distance, through S a plane is drawn meeting an angle (G) with 

SS'; shew that if SS' = a, and m, rn be the measures of the forces 

at distance unity, a body placed at S will oscillate on the plane 

, - 2m^acoB.Q , , it 

through a space — -- — 7— > m a tune 



5. The area of the figure "DES described by the indefinite line 
SJy is equal to the area which a body would describe in the same 
time when revolving uniformly in a circle round S as centre, the 
radius of the circle being = \ the latus rectum of the figure "DES, 
LProp. 35.] 
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6. Suppose the Moon to be retained in a circular orbit round the 
Earth's centre, by a force in that centre varying as .^ ; shew 

that a heavy body at the Earth's surface acted upon by the same 
force (diminished according to the above law) would in one second 

fall through a spacer—, where r = radius of the Bu:th (in 

feet), nr « radius of the Moon's orbit, p = period of the Moon (in 
seconds), w = circumference of a circle where diameter = 1 . Deduce 

the numerical value of r— in feet, supposing r = 4000 tniles^ 

P 

« = 60, p =s 27 days, «« = 10. 

7. A body acted on by a force varying as , ^ is projected 

from an apse with a velocity acquired down a finite distance ; deter- 
mine the orbit described by the principles of the eighth section, and 
prove Newton's construction for the orbit. 

8. Also when the force varies as rr^ — r determine the difieren- 

(dist.)" 

tial equation to the curve described, the velocity of projection being 
(9) times that acquired from infinity ; and also the conditions requisite 
that the orbit may have an asymptotic circle. 

9. Deduce the equation to the orbit FCp [Section 9], that of 
FCP being known, and apply it to shew that the difference of the 

forces on P and p varies as —. — r^ If FCP be an ellipse of small 

I lUSv* 1 

eccentricity, and C the centre, compare the radii of curvature in the 
points of the orbit FCp corresponding to the extremities of the axes 
of the ellipse. 

10. Explain fully Newton's method of determining the angle 
between the apsides in orbits nearly circular, and exemplify in the 

case where the force varies as -r— — -» r beinff the radius vector. 

a^ ^ r^ o 

Why cannot the principles of the ninth Section be applied to deter- 
mine the amount of the progression of the Lunar apogee } 

11. If a body oscillate in an hypocycloid, acted upon by a force 
tending to the centre of the globe and varying as the distance, the 
oscillations will be isochronous. 
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12. A body acted upon by grairity moves on an inverted cone with 
ifft axis vertical, find the equation to the projection of the orbit on a 
horizontal plane, and the law of the force tending to the vertex by 
which that projection might be described. 

13. If P and S attracting each other with forces varying as 

rr- — n revolve round their common centre of sravity, shew that the 
(dist.)* » /* 

apparent orbit of one round the other is an ellipse ; and compare the 
m^jor axis of the ellipse which P describes relatively to S' in motion 
with that which P would describe in the same time about S at 
rest. 

14« If the motion of a body P revolving about another T be dis- 
turbed by the action of a third distant body, explain fully the general 
effects produced, 

(1). On the periodic time of P, the distance ST being varia- 
ble, f Prop. 66, Cor. 6.] 

(2). On the eccentricity of P's orbit. [^Cor. 9.] 
(3). On the motion of the nodes of P's orbit, if inclined to 
the plane containing T and S. ^Cor. 11.] 

15. Find the resolved part of the Sun's disturbing force on the 
Moon in the direction of the projection of the radius vector on the 
ecliptic [|Airy*8 Tracts] ; and determine its approximate value sup- 
posing the Moon to move in the ecliptic, and to be at an angular dis- 
tance (0) from syzygy. 

16. Shew that if P be the period of T round aS*, and p that of P 
round T, the mean addititious force of S on P : mean force of 7" on P 
(that is, the force by which P would in time (p) revolve round T at 
distance PT) :: p^ I P*; and that if T be the mean velocity of P 
in a circular orbit about T, and (v) its velocity at an angle d from 
quadratures, a near approximation to its velocity at an angle (0) from 
quadratures will be 

r-|^rcos.2d. 

17. Having given the attraction of a Sphere on a particle 
without it, find its attraction on a particle situated within the 

« 

sphere ; the attraction of the particles composing the sphere varying 

1 
•* (dirt./ 
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18. Two straight lines intersect at right angles, determine the 
attraction of one of them on a given portion of the other, 

1 



Attr" oc 



(dist.)^ 



19. Find the attraction of an oblate spheroid of finite, and also of 
small eccentricity on a particle at its equator. 

20. If the Earth's equator be surrounded by a canal of water, 
determine the form which the waters will assume when acted upon 
by two distant bodies as the Sun and Moon in the plane of the 
equator, the attraction on any point independently of the disturbing 
forces of the Sun and Moon varying as its distance from the Earth's 
centre. 



TRINITY COLLEGE, May 1830. 

1. What laws of motion, first discovered by observation at the 
Earth's surface, did Newton in his theory of universal gravitation, 
extend to the motions of the heavenly bodies ? 

2. The spaces described by a body, urged by any finite force, 
are at the beginning of the motion in the duplicate ratio of the 
times. 

3. Admitting Kepler's law of the equable description of areas, 
shew that the force, acting upon a planet, is directed to the Sun. 

4. From another of Kepler's laws, the elliptic form of a planet's 
orbit, infer that the force varies inversely as the square of the 
distance from the Sun, and that the square of the periodic time 
varies as the cube of the mean distance. 

5. Having given 1 : 390, the ratio of the Moon's distance from 
the Earth to the Earth's distance from the Sun, and 365^ : 27^, 
the ratio of the periodic times of the Earth and Moon, prove that 
the ratio of the mean force acting on the Earth to that on the Moon, 
is 2" 17 nearly. , 

6. The time of describing any parabolic arc PQP\ of which 
PMF is the chord, QM the sagitta, and S the focus^ is equal to 
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tbe time of describing the chord uniformly with the velocity at the 
distance ^^ ^ — from the focus. {Newton,!^ 

7. Obtain three terms of a series for calculating the true anomaly 
from the mean. 

8. Required the equation of the orbit described, and the angle 
between the apses^ when the force is wir + -r* 

9. If a body move on a surface of revolution by the action of a 
force, the centre of which is situated in the axis, the projection of 
the radius-vector joining the centre and the body, upon a plane 
perpendicular to the axis, will describe equal areas in equal times. 

10. If two bodies be projected with any velocities in any direc- 
tions in space, and the consequent motion of their centre of gravity 
be impressed on them in a direction contrary to that in which it 
takes place, the remaining motions will be in one plane, parallel, 
and inversely proportional to the ma8se»; and the bodies, mutually 
attracting, will describe about each other and their centre of gravity, 
similar orbits. 

11. The orbit which two bodies mutually attracting describe 
relatively to each other, may be described in fhe same time by a 
material particle revolving round an attracting mass at rest, equal to 
the sum of the bodies. 

12. Required the approximate values of the central and tan- 
gential disturbing forces, when the orbit of P, supposed circular, is 
inclined to that of iS at "a given angle ; also the disturbing force ' 
acting perpendicularly to the plane of P's orbit. 

13. What are the causes of the variation and the annual equation, 
and when are these inequalities greatest ? 

14. State the cause of the inequality called evection ; and shew 
that the eccentricity of the Moon's orbit increases as the apsidal line 
moves from quadratures to syzygies, and diminishes as it moves from 
syzygies to quadratures. 

Of the three inequalities mentioned in the two preceding questional 
^ioh most affects the Moon's place, which least ? 

H 
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15. ObUio^ flooording to Newton'i method^ the angle between 

the apses of an orbit nearly circular in which the force is -7 •*• o1?i' 

the mean of that tending from the Moon to the Earth ; and having 
given 179, the square of the ratio of the Earth's to the Moon 'a 
periodic time, perform the numerical calculation of the angle. 

16. Similar angular errors in different systems vary as 

(period of P)« 

(period of T)'^ 
tn what manner does the direct solution of the Problem of Three 
Bodies ihew, that this Proposition is much more true fbr the motion 
of the noded than for that of the apses ? 

17. Taking for granted a result which Laplace has arrived at; 
vii. that if m be the masi of Jupiter, w! of Saturn, and 0, tty be 

their respective mean distances from the Sun, — | — ;- remains con* 

stant notwithstanding their mutual perturbations ; prove that cone* 
sponding small variatiomi in the mean angular motions of the two 
planets, will have different signs, and will be nearly in the ratio 

of 3 to 7, if -7 = 44 and -7 = M- 
m! a ^^ 

18. If Z) be the interval between the centres of two spheres, 
attracting according to the law of gravity, 3f, M\ be their massea, 
and if the density in each be any function of the distance from the 
centre, the moving force with which they attract each other will 

\^ , y^ ■ * [^Newtwiy Sect, xii.] 

r 

19. Prove that the form of the oblate spheroid, which a fluid 
mass revolving with a given angular velocity, will take, is such that 
thi^ fyteid at the pole is to that at the equator, as the radius of the 
equator to the radius at the pole^ 

SO. A particle plaeed any where within the interior surface of a 
solid shell, which is bounded by similar and concentric ellipsoidal 
surfhces, and attracts according to the law of the inverse square of 
the distance, will be at rest. 

21* If 1, mj mf be the masses req»ectivelf of three bodies St £, M, 
which attract each other according to the law of gravity ;i£xff, K^r, 



-_j 
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be the co-ordinates and radius-vector of M, having tboir origin at S^ 
which is supposed to be at rest ; and if x\ y\ 2!, /> be the analogous 
lines with respect to E ; then will the motion of M be given bv the 
solution of the equations 



S + C + "0$ + "f-o= 



where 



R 



X3f + y }f H- a/ 1 



/3 ^{(or ^ xy + (t^ - yy + (2 - on 



TRINITY COLLEGE, May 1830. 

1» Dbfinb the terms parabola, ellipse, kt/perhola, dumeier, 
parameter, hxtus rectum. 

2. In the parabola, the subnormal is equal to half the latus 
rectum. « 

3. The rectangle under the latus rectum of the purabola, and 
the part of any diameter cut off by an ordinate to the axis, is equal 
to the rectangle under the segments of the ordinate. 

4» The tangent to an ellipse makes equal angles with lines drawn 
from the point of contact to the foci. 

5. The rectangle under the perpendiculars from the foci upon 
the tangent is equal to the square of the semi-axis minor. 

6. The lengths cut off from a normal by the axis major, con- 
Jugate diameter, and axis minor, are in continued proportion. 

7. If tangents be drawn at the vertices of four conjugate 
hyperbolas, forming a rectangle, the diagonals of this figure are 
asymptotes to the four curves. 

8.' Find, in each of the Conic Sections, the value of the chord of 
curvature through the focus. 

M 2 
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9. ProvCj by the deiinitiou given in answer to the first question, 
that the curve^ produced by the oblique section of a cone by a plane, 
is an ellipse. 

10. Eicplain fully Newton's first Lemma. 

1 1 . Prore that the areas of similar figures, bounded wholly or 
partly by curved lines, are to one another in the duplicate ratio of 
their homologous lines. 

12. Demonstrate that in all curves of finite curvature^ the evan- 
escent subtense of the angle of contact is ultimately in the duplicate 
ratio of the conterminous arc. What is meant by Jinite curvature f 

13. If a body in motion be affected solely by a force tending 
constantly to a fixed point, or centre, the sectorial areas which it 
describes about that point must be proportional to the times of 
description. 

14. Explain and demonstrate Cor. 8, Prop. IV. " Eadem omnia 
de temporibus, velocitatibus, et viribus, quibus corpora similes 
figurarum quarumcunque similium, centraque in figuris Dlis similiter 
posita habentium, partes describunt, consequuntur ex demonstratione 
precedentium ad hosce casus applicati." 

15. Given the velocities of a planet at three given points of a 
given orbit : required the centre of force. 

16. If a represent the area described in the unit of time^ the 

force at any point P of an orbit is measured by Sa^ .^-^ __, > 

2F* 
or by -Y~' ^ representing the velocity^ and X the chord of curvature 

through the centre. 

17. Determine the law of force by which an equiangular spiral 
might be described. 

18. In different elliptic orbits, having a common focus, the 
squares of the periodic times are as the cubes of the major axes. 
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St. JOHN'S COLLEGE, 1824. 

1 • Define what is meant by the terms " limit " and " limiting 
ratio " and from your definition show that the limiting ratio of the 
chord, arc, and tangent to each other is a ratio of equality, when the 
arc itself vanishes. 

2. ABy AF are two straight lines intersecting each other in A, 
and S is any other point. Take a point E in the line AF ; divide 
AE into three equal parts AC, CD, BE ; join SC, SD, SE cutting 
A Bin (m), (m') and (m"), and find the limiting ratio of mm' to m'm", 
'when AE is indefinitelv increased. 

3. . Prove, (what Newton has assumed), that in an ellipse 

Pv.vG: Q«« : : CP' : CDS 

and from it show that if a body revolves in an ellipse (force in focus), 

*« ^"^ « (W 

4. Show that, if two equal ^centres of force, varying as the 
distance, be placed in the two foci of an ellipse, a body projected with 
a proper velocity may be made to describe this ellipse. 

5. Explain what is meant by the expression, " velocity acquired 
in falling from an infinite distance," and show from thence geo« 

metrically, that, when force oc . ,. .3, the velocity in a circle = this 

velocity. 

6. Find the actual velocity of a body revolving in an h3rperbola, 

when force a . - . .„ , and find the limit to which it approximates, as 

(dist)'' 

the body recedes from the centre of forces 

7. Suppose a comet, whose radius = r, to revolve in a parabola, 
and at its perihelion just to touch the surface of the Sun, and to lose 

in consequence f ^ j part of its velocity, find the eccentricity of the 

ellipse it will afterwards describe, and compare the areas described 
d . t. before and after impact. 
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8. If a stone be thrown with a given velocity from the Moon, in 
what direction must it be projected that in its course it may just 
clear the surface of the Earthy and what is the least velocity of 
projection sufficient for this purpose ? (The attraction of the Moon 
and the resistance of the Earth's atmosphere being supposed incon- 
siderable.) 

9. A circular flexible ring revolves in its own plane about its 
centre with a given angular velocity. Find the tension> arising from 
the centrifugal force. 

10. A body is describing a given ellipse about a sphere of matter^ 
whose radius is greater than the least focal distance of the ellipse, 
and through which it is supposed to pass without resistance. Re- 
quired the alteration in the position of the orbit after passing through 
the sphere^ and the orbit described during its passage through. (Tbe 
force without the sphere varying inversely as (distance)S and within 
directly as distance.) 



St, JOHN'S college, Dbo. 1835. 

1 . State what is the analytical method of finding the ultimate 
ratio of evanescent quantities. Apply it to finding the value of 

ap^ -4- y' , 

when X and y vanish, x being the abscissa and y the ordinate 

of a curve which passes through the origin at right angles to the 
axis, and shew from the result that it is the diameter of curvature at 
the origin, 

2. The area of the cissoid of Diodes between the vertex and an 
ordinate to the axis : its circumscribing triangle : : 4 : 6 ultimately* 

3. A line drawn through the middle point of an arc of continued 
curvature, and parallel to the chord, is ultimately a tangent. 

4. Having given the velocity and direction of a body at two 
points of its orbit, find the locus in which the centre of force must 
be situated. 

6* A flat ring, the internal radius of which is given, revolves in 
its own plane above its centre with a given angular velocity ; find 



^ 
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the xna^itude and law of force tending to its centre round which it 
i^ould revolve in the same manner if the cohesion of the particles 
were destroyed. 

6. Compare the centrifugal forces at similar points of similar 
curvesj round centres of force similarly situated. 

7. If a body describe a semicircle by a fojrce tending to a point so 
remote that all lines drawn from the circle to it may be considered 
parallel^ shew that the force at any point P varies reciprocally as 
PM\ [Section II. Prop. 8.] 

8. If the lines drawn to the circle from the centre of force^ in 
tlie same proposition^ be only very nearly parallel^ shew that the 
force at any point P must b^ increased by a quantity which varies 

1 



as 



PM^ 



9* The area which a body describes round a eentre of force in 
the time ^ = ^ . ptv, p beipg the perpendiculai: corresponding to the 
velocity tu 

10. The force in any conic seotion tending to the centre of force 
rjns 

R a ^^ ; C being the centre, and CG parallel to the distance BP 

meeting the tangent at P in G ; [Scholium, Section III.] Prove 

RP 

this, and shew that if R be the vertex of an ellipse, the f<wee QC ^^t 

jPjV being perpendicular to the major axis. 

11. There are three equal bodies, two of which describe circles 
round the third fixed, in such a manner that the bodies^ are always 
in the same right line : compare the radii of the circles^ with the 

three bodies attracting each other with forces which vary as - vj ♦ 

12. If the central force of a body moving in a parabola round the 
focus, were to cease acting at the vertex, and continue interrupted till 
the body had described an angle of 60^ above the focus ; find the 
eccentricity of the orbit it would afterwards describe. 
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St. JOHN'S COLLEGE, 1826. 

1. A BEOMENT of a Sphere : its inscribed cone : : 3 : 2 ulti- 
mately. 

2. Shew how to find when the curves whose equations are ob- 
tained by altering one constant in a given equation are similar, and 
find whether the curves formed by giving different values to a in 
the equation y^ — ax + ^6 = are similar. 

3. If the Earth be struck by a comet of a given mass, which 
moves in the plane of the ecliptic, and the perihelion distance of 
which is equal to the radius of the £arth*s circular orbit, find the 
alteration produced in the length of the year. 

4. If the least distance of the comet be not quite equal to the 
radius of the Earth's orbit, find how the length of the day is altered 
supposing the ecliptic and equator to coincide. 

5. Find the equation to the curve in which the centrifugal and 
centripetal forces are in a given ratio. 

6. Compare the forces at similar points of similar curves ; the 
force acting in parallel lines and the velocities in a direction per- 
pendicular to that in which the force acts being the same in the 
different curves. 

7. Compare the periods in two equal circles round the same 
centre of force which is situated in the centre of one circle, and in 
the circumference of the other. 

8. If a body move from one point to another acted on by any 
centripetal force, shew that the velocity is independent of the curve 
in which it moves. 

9. The velocity is also independent of the curve if the body be 
acted on by any number of centripetal forces. Does the proposition 
hold for all forces not centripetal ? 

10. Explain Newton's method of finding the angle between the 
apsides in an orbit nearly circular. Find the angle between the 

Upsides in the curve whose equation is - = C cos.yv + C sin.71;, r 

being the radius vector, v the angle, and C, C\ y constants. 
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1 1 . Find the disturbing force of the Sun peipendicular to the 
plane of the lunar orbit. 

12. If a body nufve freely on the surface of a solid of revolution 
acted on by forces tending to all points of the axis, shew that the 
angular velocity round the axis varies inversely as the square of the 
distance from the axis. 

13. Explain why the Sun acting on the protuberant matter of 
tile Earth's equator causes a precession of the equinoxes. 



St. JOHN'S COLLEGE, Dec. 1826. 

1. The ultimate ratio of evanescent quantities is a ratio of 
equality, when their difference is an evanescent of an higher order 
than themselves ; explain. this phrase, and shew that the rule is con- 
tained in the words of the first Lemma ; the term data differentia 
being understood a quantity of finite magnitude. 

2. Shew from the preceding question that the axiom, *' If equals 
be taken from equals, the remainders are equal," does not necessarily 
hold when applied to the Geometry of the first Section, and give an 
example. 

3. Define similar curves when referred to polar co-ordinates; 

r 
prove that curves represented by the equation d = ^ * are similar, 

and hence determine on what condition different conchoids will be 
similar. 

4. In a curve of finite curvature, the chord, arc, and tangent* 
are ultimately in a ratio of equality. 

5. il^ is the chord of an arc ACB of finite curvature, take 
AC \ CB always as mln; join AC, EC, and prove that th^ 

..x:^ ABC : segment ABC : ; 3 : / /- + /^V ultimately. 

6. Given three points in an orbit and the three corresponding 
angular velocities ; to find the centre of force. 

7. Find the law of force, that the velocities in different circles 
about the same centre may be the same. 
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8. A body reTolTing in a O ^tt out from A ; required to draw 
the chord AF, along which a body descending by the force in the 
cbeumfbrenoe acting utUfwmhf parallel to the radius CA, may meet 
the revolving body again in F. 

9. Prove fully that the force in any curve varies inversely as 
SY^ .PV; when iS 7 is the X on the tangent^ and PV the chord 
of curvature through the centre of force. And apply the expression 
to find the law of force in the reciprocal spiral. 

10. If a body be projected from a given point with the same 
velocity in different directions^ and be acted on by a force tending to 
a given pointy which varies inversely as i)' ; find the curve, which 
is the locus of the centres of all the ellipses described. 

11. Prove that when the velocity in any curve equals velocity 
in the Q) e»d, the angular velocities of the radius-vector and J_ on 
the tangent are equal, and find when this takes place in a 0, force 
not In the centre. 

12. Force to C varies as distance. A body is projected from 
P along the line zPy, with velocity = m . times velocity in © rad. 
CP. Draw PK rstm.CP, making the Z zPK^ CPy and join 
CK, Shew that the axis'-major of the ellipse described bisects the 
Z PCK, and complete the construction, so as to determine the mag- 
nitude of the axes. 

13. A body is revolring in an ellipse; the centre of force is sud- 
denly transferred from the focus G to H. Shew that if at the same 
instant, the body be so situated, that the normal divides SH in 
extreme and mean ratio, it will describe a parabola, and find its 
latufr-reotum. 

14. If a comet describing a parabolic orbit inclined to the plane 
of the ecliptic, be seen to pass over the Sun's disc, and ^ of a year 
after, to strike the planet Mars, whose distance from the Sun is | 
that of the Earth ; required the distance of the comet from the Earth 
at the first observation in parts of the radius of the Earth*s orbit, 
supposed circular, and its plane coincident with that of Mars. 
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St. JOHN'S COLLEGE, May 1827. 

QR , 

1. Prove that the force in any orbit rariea as limit -»;^» where 

QR is the subtense of an arc drawn parallel to the force, and T is 
the time of moving through it. 

2. Find the law of force parallel to the base, by which a body 
may move in a cycloid, and find when the force is least. 

3. Required the position of a plane, against which a corpuscle 
revolving in a circle, at a distance equal twice the Earth's radius 
must impinge^ that after reflection it may just pass round the Earth, 
elasticity being perfect; and find the time it remains within its 
former orbit. 

4. Determine what Newton's trochoid in the sixth section 
becomes^ when the axis minor of the ellipse vanishes ; and reooncila 
the construction with that given in the seventh section, fbr the time 
in a descent towards a centre of force, which varies inversely as the 
square of the distance. 

5. Force oc j^" A body is projected with a velocity which is to 

that in a circle at the same distance as >/2 : 1, and in a direction 
making an angle of 30^ with the distance ; find the equation to the 
orbit reckoned from the asymptote, draw the asymptote and find the 
time of descent to the centre. 

6. If the fixed orbit, which is a parabola, force in focus, be pro* 
jected in antecedentia with an angular velocity equal to half that of 
the body in the fixed orbit ; required to trace the curve formed ; 
find its point of contrary flexure, and the point where the forces in 
the two orbits are as 2 : 1. 

7. Equal absolute forces are placed in A and B which vary as the 
distance. Required the direction and velocity with which a body 
must be projected from a given point, so as to describe an ellipse 
having A and B in the foci. 

8. Investigate an approximate expression for the ablatitious force 
in Prop. 66, and shew that it equals three times the addititious force 
X sine of the angular distance of P from quadratures. 
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9. Explain what is meant by the Moon's variation ; give 
Newton's construction for it^ and determine when it is a maximum. 

10. Investigate the path of a body projected at a given angle in 
a medium whose resistance varies as the velocity^ and acted on by the 
force of gravity. Find its greatest altitude, and the resistance at 
that point. 

1 1. The centre of one bounding surface of a meniscus of matter 
coincides with the extremity of the diameter of the other ; required 
the attraction on a corpuscle placed on that point, the force to each 

particle varying as =r • 

12. Shew that, from the effect of centrifugal force, a plane 
circle cannot revolve permanently about an axis through its centre 
inclined to its plane ; and find the quantity of matter in an uniform 
rod, whose length equals the diameter, to be fixed to it through its 
centre at right angles to its plane, that the whole may revolve per- 
manently about any axis through the centre. 



St. JOHN'S COLLEGE, May 1828. 

1 • Find the limiting ratio of the solid formed by the revolution 
of the .segment of a circle about its base, to the solid formed by the 
circumscribing rectangle, when the segment is diminished without 
limit. 

2. If a number of bodies describing difierent circles about the 

same centre of force, which a yr,^ set out together from the same 

radius ; required the curve in which they all will be found, when 
that body, the radius of whose orbit is (a), has completed its revo- 
lution. 

3. Prove geometrically, that the force acting in parallel lines^ 
which would cause a body to move in any curve, is to the force 
which, acting in a direction perpendicular to the former, would cause 
it to describe the same curve, : : rad.^ : tan.^ of the angle, which 
the curve makes with the first direction. 
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4. Give Newton's construction for the time, and velocity, when 
a body falls towards a centre of force, which varies as the distance ; 
and shew that the velocities acquired in falling through different 
heights to the centre, are as the height. 

5. Force oc — • A body is projected from a given point with a 

velocity greater than that which could he acquired by falling from 
an infinite distance. Distinguish the different orbits which may be 
described, and the conditions in each. Also find the ratio between 
the centripetal and centrifugal forces in each case. 

6. Investigate the effect of the disturbing force of the Sun upon 
the node line of the lunar orbit. [Prop. 66. Cor. 1 1 .] 

7. The time of a revolution of the Moon's nodes being 19 years, 
what would be the time of revolution of the nodes of a satellite 
describing an orbit nearly circular, at Jth part of the distance of the 
Moon. 

8. A body is constrained to move in a parabolic arc, acted on by 
a force perpendicular to the axis. Required the law of the force, 
that it may recede uniformly from the axis, and also the law of the 
pressure. 

9. The first satellite of Jupiter performs its revolution in 1 day, 
18 hours, at a distance eqiial to six times the radius of the planet ; 
Jupiter revolves about his axis in 10 hours. Determine hence the 
ratio of the axes of the planet, considering it an homogeneous 
spheroid of small eccentricity. 

10. If within a given sphere, whose particles attract each other 
with forces varying inversely as the square of the distance, there be 
inscribed a concentric spherical surface; required the attraction of 
the smaller sphere to a segment of the larger, cut off by a tangent 
plane to the former. Also required the radius of the smaller sphere, 
when this attraction is a maximum. 

11. If the resistance of a medium vary as the density into the 
square of the velocity, prove that the orbit described by a body about 
any centre of force is to be determined by the integration of the 
equation, 

jTi + « — - NU o ■ = ^i where m = -* 

V ii the angle described, P the centripetal forc^, and Q the density^ 
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12. Construot for the horary variation va the incUnation of the 
Moon's orbitf and shew that the mean variation during one lunation^ 
oc sine twice the angular distance of thf$ nodes from quadratures 
into sin* inclination. 



St. JOHN'S COLLEGE, May 1829. 

1 . The force tending to a point S, by which a body is retained 

2A2 OR 

in its orbit, is equal to -^^ X limit of ^^ : where h « twice 

the area described in a second. 

2. Given the radius of the Earth, the force of gravity at its 
surface, and periodic time of the Moon, required her distance from 
the Earth. 

3. Determine the space due internally to the velocity of a body 
describing a circle round a centre of force in the circumference. 

4. A body moving in an elliptic orbit, the force varying as the 
distance, leaves an apse : what is the distance of the body from the 
centre when an eighth part of the periodic time has elapsed ? 

5. Explain Newton's method of finding the apsidal angle in an 
orbit nearly circular, and exemplify it when the force ot — • 

6. A body describes a circle by the action of a force tending to 
its centre, varying inversely as the seventh power of the distance* 
If the absolute force be increased threefold, what will be the new 
orbit described by the body, and the interval before it arrives at the 
centre ? 

7. The force of gravity without the surface of the Earth varies 
inversely as the square of the distance from the centre ; and within 
it, directly as the distance. 

8. Given the radii of the orbits of the Earth and Moon, and their 
periodic times ; required the time in which the Moon would perform 
a revolution round the Sun, if, when she is in conjunction, the 
Earth were annihilated. 
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r h^ 

9. A body attracted to a point by a force = -^ H — j is iwojected 

from an apse at the distance ^{mh); h being twice the area 
described in a second. Find the polar equation to the orbit, and 
shew that the time of describing an angle d ;= m . tan." * d. 

10. A body acted upon by a constant force in paralle] lines is 
projected in an uniform medium> of which the resistance varies as 
the velocity ; required the greatest altitude to which it will ascend. 

11. The Earth, another planet, and a comet move in the same 
plane round the Sun. The perihelion distance of the comet is the 
difference between the radii of the orbits of the Earth and planet, 
and the duration of the comet's stay in the Earth's orbit is n times 
the periodic time of the planet. Compare the distances of the 
Earth and planet from the Sun. 

12. Jlequired the horary motiou of the Moon's nodes in a circular 
orbit. 



St. JOHN'S COLLEGE, June 1829. 

1. Thb homologous sides of all similar figures^ whether 
curvilinear or rectilinear are proportionals, and the areas are in 
the duplicate ratios of the sides. 

2. If AD touch the curve A CB of continued curvature in the 
point A, and BD be drawn meeting AD at sl finite angle^ and the 
arc A CB be continually diminished, the limiting ratios of the chord, 
arc, and tangent, to each other, are ratios of equality. 

3. The spaces described from rest by a body acted oti by any 
finite force are, in the very beginning of the motion, as the squares 
of the times. 

4. If a body moving in a plane curve describes areas proportional 
to the times by lines drawn from the body to any point, the body is 
retained in the curve by a force tending to that point. 

5. The space due to the velocity at any point of a curve by the 
action of that force continued uniform is a quarter of the chord of 
curvature at that point. 
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6. Force oc g^^y- 

7. Find the law of force tending to the focus by which a body 
may describe a parabola* 

8. If a body be projected from P in the direction ZPR, which 
makes any angle with the distance SP, and be urged by a force 
tending to S, varying inversely as the square of the distance^ it will 
describe a conic section, of which ^S' is the focus. 

9. The periodic time of a body describing an ellipse round a 
centre of force in the focus = — 7 — • 

10. To find how far a body must fall externally and internally 
by the action of a variable force, to acquire the velocity of a body 
moving in an ellipse round a centre of force in the focus. 

11. To determine the time in which a body falling from rest 
from any given point A will descend through any given space AC, 
by the action of a force at S varying inversely as the square of the 
distance. 

12. If the force varies directly as the distance, the time of 
descent and the velocity acquired from rest, are respectively pro- 
portional to the arc and sine of that arc, whose radius is the whole 
distance from which the body begins to fall, and versed sine, the 
space fallen through. 



St. JOHN'S COLLEGE, Dec. 1829. 



1 . Define a limit; and shew that if, as x increases, f(x + 1 ) -^fx 
converges to a limit, then -fx converges to the same limit. What 

X 

is the limit of - log. x, when x is infinite ? 

X 

2. If a body revolve in an ellipse about the focus, its velocity 
will be an arithmetic mean between the greatest and least velocities, 

when cos, ASP ^ - -, e being the eccentricity, and ^45 the least 
distance. 
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3. At what point of an hyperbola, are the angular velbcities 
about the foci in a given ratio ? and what is the limit of that ratio ? 

f oc — • 

4. If P be a point in a conic section whose focus is Sy and G the 
point where the normal at P meets the axis, shew that if GK be 
draWn perpendicular to SP, PK = J latus rectum ; and hence con- 
struct the orbit described by a body, projected from a given point 

with known velocity and direction, about a centre of force a — • 

5. Two planets describe circles in the same plane about the Sun 
whose mass is known ; given their distances from the Sun, find the 
interval between their being at the greatest and least distances from 
one another. 

6. As a body revolves in a parabola about the focus, a tangent is 
always drawn from it, meeting AB the tangent at the vertex in Q ; 
shew that the velocity of Q along AB varies inversely as the distance 
of the body from the centre of force. 

7. If « be the velocity, andjf the centripetal force, at any point 
of a curve whose distance from the centre of force is r ; and x^^fy /, 
similar quantities at the corresponding point in the locus of the inter- 
section of the tangent and perpendicular upon it from the centre, 

then, -^ + -^ = 2. 
rj V * 

8. ^^Posita cujuscunque generis vi centripeta, et concessis 
figurarum curvilinearum quadraturis, requiritur corporis recta 
ascendentis vel descendentis tum velocitas in locis singulis, tum 
tempus quo corpus ad locum quemvis perveniet." [[Prop. 39.] 

9. If two bodies whose masses are 771, vfy be placed on a smooth 

horizontal plane, and be connected by a string passing through a 

small ring in that plane ; and if m be projected with a velocity (a) in 

a direction perpendicular to its distance {a) from the ring, then, when 

its distance is r, shew that 

rt . . « - . mid (aa)2 
the tensioa of the string =: ; • ^ — '- • 

10. In the last question, determine the time which iri takes to 
reach the ring, and the acquired velocity. 

N 
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II. Jf acomety besides being ajt|raAt^d by Che Sun> iviere ^ 
turbed by a ponstaat force QctiQ^at eyery po^it in the /ii]:^c|jpQ q( 9 
diameter, it might still describe the same orbit ; and the velocity 9jt 
any point would be that due to the focal distance by the action of 
both forces continued uniform. 

1£. If V be the velocity of a body revolving in an eUipse about 

the centre, i;' its velocity when the direction of its motion is ^t right 

angles to the former direction, 

1 vo' 

the time of describing the intercepted arc =i= —j— sin."^ 



^vn mab 

where ays is the absolute foree^ and a, h, the \ axes. 



St. JOHN'S COLLEGE, May 1830. 

1 . Construct for the place of a body, at the end of a given time^ 
in an ellipse round the focus. 

2. Bodies are projected from a given point, with the same velocity 
in different directions, and acted on by a central force which oc 
(distance)"^ : find the nature of the surface which touches all the 
conic sections described. 

3. Two spheres attracting with forces which a (distance)"*, are 
projected at the same instant, with the same velocity and in the same 
plane, in a direction perpendicular to the line joining their centres: 
determine theiir motions. 

4. Find the angle between the apsides of the orbit described by a 
body in a horizontal plane, round a point in the plane to whidh it is 
attached by means of an elastic string. 

5. Find the polar equation to the Moon's orbit, on the supposi- 
tion that the Moon's gravitation ex: quantity of light received from 
the Earth. 

6. Find the mean annual motion of the Moon's nocles* 

7. Determine the motion of a body descending from rest in the 
sea, the density of the Earth being supposed uniform, and equal to 
that of water. 

8. Determine the motion of a body projected in a medium, in 
which the resistance is as the square of the velocity, and acted upon 
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by gravity. Prove that i^« =s J /. c where v is the velocity, / the 
acceleratbig force, and e the vertical chord of curvature, at any point 
in the trajectory. 

9. Having given the times of the small oscillations of a pendulum 
ahout each of three given parallel axes, in a plane passing through 
its centre of gravity, shew how the length of a simple seconds pen- 
dulum may be found* 

10. Determine the time of the very small oscillations of a convert 
body rolling on a concave surface. 

S 

11. Having given »*= .B . S ^ sin.6 . cob^, investigate the 

quantity of solar precession for any given time; 

12. A slender ring is composed of matter attracting with a force 
which oc (distance)r2 : find the angular velocity with which it must 
revolve in order that it may experience no tension. 

13. Determine the ellipticity of a planet accompanied by a 
satellite. 



CORPUS CHRISTI COLLEGE, JuNb 1829» 

1 • Define angle of contact, and subtense of angle of contact ; and 
shew that if there be any two curves AB, Ab, in which the angle of 
oontaet BAD bears a finitd ratio to the angle of eoiitact bAD. Then 
if the curvature of ^45 be finite> the curvature of Ab Will also be 
finite^ and oonvevsely. 

2. The spaces which a body by action of any finite force describes, 
whether that force be constant and invariable, or continually in-> 
creased or diminished, are in the very beginning of the nlDtion in the 
duplicate ratio of the times. 

3. In all curves which have a finite curvature at the point of 
contact, the ultimate ratio of the subtenses of the angle of contact is 
the same with that of the squares of the coterminous arcs* 

4. The centripetal forces of bodies which describe any similar 
carves round centres of force similarly situated within them are to 
each other as the squares of the arcs described in equal times directly 
and the radii inversely. 

N 2 
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. 5. The space tliroagb wbich a body must fall to acquire a velo- 
city equal to the velocity in the curve at any point equals one fourth 
of the chord of curvature at that pointy the accelerating force being 
the force at this point continued constant. Prove this« and compare 
the velocity in the curve whose equation is u^ = m^ co8.2d with the 
velocity in a circle at same distance. 

6. A body revolves in the circumference of a circle^ find the law 
of force tending to any given point : also compare the forces tending 
to any two points round which the same body will revolve through 
same circle in same period. 

7. A body describes a cycloid by action of a force in lines parallel 
to the base, determine the law of its variation. 

8. Find the value of the angular velocity in any curve, and com- 
pare the angular velocities of the distance and perpendicular on tan- 
gent, and shew that in different similar ellipses, round same force in 
focus, the angular velocity at same distance from the axis varies as 

1 

(dist.)^ 

9. If any number of bodies revolve round a common centre, and 

centripetal force oc yr: — rr* The latent recta of the orbits described 

(dist.)* 

will be in the duplicate ratio of the areas described in the same 

time. 

10. Determine the law of force tending to the vertex by which 
a body may describe any of the conic sections. 

1 1 . Give a method of comparing the densities of the Earth and 
planets. 

12. A body describes an ellipse uniformly, determine the law of 
force tending to either focus. 

CORPUS CHRISTI COLLEGE, Mat 1830. 

Sections VL to XI. 

L FrND the place of a body in a parabolic orbit, corresponding 
to a given time. 

2. Given the time between the nodes of a comet's orbit, find the 
position of the line of nodes. 
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3. Determine geometrically and analytically^ the times of ascent 
or descent of a body projected from a given pointy towards or from 
the centre of force with a given velocity. 

4. If a body move in the logarithmic spiral round a mass of at- 
tracting matter placed in its pole ; determine the external and inter- 
nal spaces due to the velocity at any point. 

5. If one body move in a curve, and another, ascend or descend in 
a straight line, acted on by any kind of centripetal force, and their 
velocities be equal at equal distances from the centre in any one case ; 
their velocities will be equal at all other equal distances. 

6. If a body be projected at a given distance from a centre of 
force, in a given direction and with a velocity equal to that from a 
finite distance ; find the equation to the orbit described. The force > 

1 

varying as ^. 

7. The force varying as -^ ; shew under what restrictions of the 

velocity of projection the body's approach towards the centre, and its 
recess towards infinity, will be limited by asymptotic circles. 

8. If a body acted on by a central force which at any distance (r) 
m h^ 

= — + ~> be projected from an apse at a distance from the centre 

— : find the polar equation to the orbit described, and shew that 

the time of describing an angle (0) 
m 



"Z.n.h^ 



(rr^ +*«"•"•'"')' '^'"'^ »'=*©*• 



9. The difference of the forces at corresponding points in the 
fixed and revolving orbit varies inversely as the cube of the 
distance. 

10. Explain Newton's method of finding the angle between the 
apsides in orbits nearly circular, and apply it when the force 

^ m •r -\ — T- • 

••3 

r 

1 1 . Find the time of an oscillation in an epicycloid, the body 
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being acted upon by a repulsive fi)ice varying as the disUaqe from 
the centre oi the globe. 

12. Determine under what circumstaaces a body will describe a 
circle on a surface of revolution^ when- acted on by forces in a plane 
passing through the axis. 

13. Find the tension of a pendulum moving in a spherical 
surface. 

14>. If two bodies acted on only by their mutual attractions be 
projected in given directions and with given velocities^ determine 
their motions; the law of attraction being the inverse square 
of the distance. 

15. Determine the motions of a system of bodies attracting each 
other with forces varying directly as the distances between their 
centres^ and also the periodic time of any one of the bodies* 

16. Define the central disturbing force on the Moon; find an 
expression for it, and shew that its mean value s= — | the mean ad« 
dititious force. 

17. When the force varies as the distance^ shew that there will 
be no disturbance. Had this law pervaded the uiM^erse^ what would 
have been the consequence ? 

18. Why are the principles of the ninth Section inftppliGEable to 
the complete explanation of the planetary motions? 

19. Find the effects produced by the ablatitious foroe on the 
motion of the nodes* 

20. Determine under what condition a body will describe an 
ellipse, when acted upon by three itaasses of attracting matter y one 
situated in the centre, whose attractive force is directly as the dis^ 
lanpe, and one i^ each focus, the Uw of whose attraction is the in^ 
verse square. 



CAIUS COLI.EGE, May 1830. 

1. The spaces which a body describes, when acted upon, by any 
finite force, are " ipso motus initio" in the duplicate iratio of the 
times. 

2. Find the equations of motion of a body moving in a plane and 
acted upon by any forces in thftt plane. 
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3. A body being acted upon by a central force^ the areas described 
are in one plane, and are proportional to the times. 

4. A body moving in any orbit whatever is acted upon by a 
force tending to a given fixed centre ; detemime the force. 

5. A body is acted upon at every point by a force which is pro- 
portional to its distance from a given centre towards which it tends : 
find the orbit described^ and the position and magnitude of its axes. 

6. Prove that the force by which a body will describe the opposite 

hyperbola round the focus is repulsive and varies as -zrr- 

It 

7. The velocity in a curve at any point is equal to that generated 
by the force at that pointy continued uniform^ and acting on a body 
while it moves through one-fourth of the chord of curvature drawn 
at that point through the centre of force. 

8. Find the time of a body describing any portion of a parabola 
about a centre of force in the focus. 

9. A body falls from rest from a given point towards a centre of 
force : required the laws of force for which the time can be found. 

Find the time to the centre when the force varies as 7r-« 

10. If a body move in a curve, and another body move in a 
straight line, acted upon by the same central force; and if their 
velocities be equal at any corresponding equal distances from the 
centre, they will be equal at any other equal distances. 

1 1 . The force varying as D**, deduce the apsidal equation, and 
determine the number of possible roots which it will admit. 

12. The difference of the forces by which a body may be made 

to move in the fixed and in the moveable orbit varies as cr: from 
the centre. 

13. Find the time of an oscillation in the hypocycloid ; the force 
tending to the centre of the globe and varying as the distance. 

14. The inclination of the Moon's orbit to the ecliptic is greatest 
when the line of nodes is in syzygies, and least when it is in 
quadratures. 
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15. Find the mean disturbing force on the Moon in a whole 
revolution, and compare it with the mean addititious force. 

16. Find the attraction of a sphere on a particle placed without 
it, the law of attraction being 

mr + — . 

17. Find the horary motion of the nodes in the Moon's orbit, 
supposed circular. 

18. If a system of bodies moving freely be acted upon only by 
their mutual forces, the sum of' each particle multiplied into the 
projections of the areas described about a fixed point is proportional 
to the time. 



i-f. 



PROBLEMS. 



TRINITY COLLEGE, 1823. 

1. How much paper 30 inches wide, would be required to hang 
a room which is 16 feet by 14 feet^ and 9 feet high ? 

2. Calculate the common logarithm of 99 to four places of 
decimals, the Naperian logarithm of 10 being 2*3026 nearly. 

3. Solve the following equations : 

(l).l!f+i_3.= 18-^x. 

(2)- —sz ir- == 9* - 



¥-^* 



5x — 1 a? + 1 

(3). ax'^ + 6«a? + c» = d\ 

(4.). 8ar - 3y =; 19 + ^^-^; and 3a; -5^ = 18 -^^ff^. 

(5). ^x^ — 9a;* - 1 lx» + Sar* + 7^ + 6 = 0. 

4f. BD, CD are perpendiculars to the sides AB, AC of the 
triangle ABC, and CE is drawn perpendicular to ilD; prove that 
the triangles ABC, ACE are similar. 

5. Prove that the introduction of imaginary quantities does not 
vitiate an algebraical reasoning. 

6. Express the arc whose sine is x, the radius of the circle 
being a, in terms of an arc of the circle whose radius is unity. 

7. Two spectators at given places observe at the same instant a 
l)alloon, which rises into the air at an uniform rate; and after a 



7 
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given interval of time they again observe it : tbey note down its 
azimuths and altitudes. From these data find 

( 1 }. The two elevations of the balloon. 

(2). The rate at which it moves. 

(3). The direction of the wind. 

8. An equation of n dimensions^ in which p successive terms 
are wanting, cannot have more than n — p + ^ real roots. 

c* « sin.ft 



2a — r- ^ tan.nd 

2a — &c 



a , c^ 



if cos.0 =r -f and *!^ occurs (« — 1) times. 
c 2a ^ 

1(X Two ^en circles touch each other intdmally; find the 
locus of the centres of all citdeB which eaa be draws to touch both 
the circles. 

11. Deduce the equations 

(1). To the surface of a parabdoid. 

(2). To the curve of the thread of a screw. 

(3). To the curve mafe up of an equilateral hypexlbola^ and 
the circle which touches it at the vertices. 

12. If a false die have its an jlea iJi right, and two of its opposite 
sides squares^ but their distance^ instead of being equal to a side of 
the square^ bearing to it the ratio of ti^ to 1 ; then will the probability 

that one of the square faces will turn up be - ; being the arc whose 

. . 1 

sine is •' ' ' 

1 + »2 

13. Assuming the curve of speedietit descent fnrom one giv6n 
point to another^ find the actual time of descent. 

H. Differentiate * twice successively, and prove that 

^.log.dr 

xyz "^ X ' y.' z \dx dy"^ dz)'^ 2x^ 2y "*" 2a * 



I 
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15. Differentials of the form (a -f ca^Ycfdx can be made 

r 4* 1 r 4" 1 

rational^ if the three quantities n, , n •\ are not all 

911 m 

fractions. 

16. Integrate t^dx, and {a + a^x-\- •*• 4- «»*") dxK 

dy 7a^ — Sx'^y^ 
Solve the equation ^ = —^^ 

1 7. Find the curve which has this property^ that the pei^ndicukr 
let fall from a fixed point vpon the tangent at any point is a mean 
proportional between a given line» and the distance of t^e two points ; 
and consider every curve which solves the differential equation. 

18. Sum the following series : 

(1). 2 + 5 + 11 + 3S + &c. to 10 terms. 
(2). 1.3.5 + 2.4.6 + &c« ton terms. 

(3). + o . ^ + &c« to » terms^ by increm^ts. 

1.9.5 i>.v.f> 

11 1 2 4 

continued indefinitely both ways. 

19. A and B play with false dice^ such that neither A's ace^ 
nor ^s size can turn up ; they throw together for £10^ to be won 
by the highest^ but to be divided equally if the throws are equal : 
what is A's chance of winning, and what is his chance worth ? 

20. There are two spheres of equal diameter and weighty the one 
solid, the other hdJow, and the specific gravities of their materials 
are known, but not accurately : with aid of a comparison: of' their 
momenta of rotation discover very accurately their specific gravities, 
and the thickness of the shell of the hollow inhere. 

21. State the error in the estimated motion of the Moon's apogee, 
by which Astronomers before Clairaut were perplexed, and point 
out the fallacy from which it arose. 

22. The curve of speediest descent from a given point to a given 
vertical plane, is a cycloid, the aicis of which is in tdie given plane. 
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TRINITY COLLEGE, 1824.. 

1. Expand — — -— by the binomial theorem. 

2. Required the present value of an estate of £1500 a year, at 
3 per cent compound interest. 

3. The sides of a plane triangle being a, h, c, prove that the 
perpendicular on (a) &om the opposite angle 

= 2^ V{2a^b^ + 2aV + 26V - (a* + 6* + c*)}. 

4f. The product of (n) consecutive integers is divisible by 
1 . 2 . 3 ••• (w). Required proof. 

5. Let Pp be an ordinate to the diameter ^B of a circle, meet^ 
ing the circumference mP,p: draw AP, 5p intersecting in Q: 
required the Iqcus of Q. 

6. (1). Given a? + ^=5, i 

a:4 + y = 97;5 find (a:) and (^). 

(2). Solve, by De Moivre's formula, the equation 

a;* + 1 = 0. 

(3). Find the number of positive and of negative roots in the 
equation 

ars _ 5^4 _ 15-j.s ^ 85cr« — 26a: — 120 == 0. 

(4). In the equation z^ — 4fx^ + x + 6 = 0. Required the 
sum of the cubes of the. roots. 

7. Deduce the equation of equilibrium on the inclined plane, 
from the principle of the lever. 

8. In the ellipse or hyperbola, if lines drawn from the extremi- 
ties of any diameter to any point in the curve intersect the major < 
ads in angles 9, 0', prove that 



tan.O . tan.d' = _i -— • 



9. Determine which is the greatest, and which the least, of the 
three squares which may be inscribed in a given triangle. 
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1 0. If a, P, y, be the angles which the diagonal (d) of a paral- 
^ ''lopiped makes with the edges^a^ b, c, prove that 

d^= a cos.« + h cos.i3 + c cos.y. 

11. The equilibrium of a balance having been disturbed by the 
addition of a very small weight to one of the equal bodies weighed 
in it; required the corresponding inclination in the needle of the 
balance. 

12. Required the number of imaginary roots in the equation 

x'- ^ Qx^ + Sx^ — 30a;« + 6x - 36 = 0. 

13. (1). Explain the method of finding the ahsdute m^LSiimyim 
and minimum values of a function of two variables, and deduce 
the criterion which serves to determine whether the result be a 
maximum or a minimum. 

(2). Amongst all triangular pyramids of given base and al- 
titude, to find that which has the least surface. 
H. An ellipsoid being given in space, determine its centre. 

15. (1 ). If a body acted on by a central force describe a polar 
curve whose equation is r = ^{u), shew that 

(A) denoting twice the area described in the unit of time. 
(2). Required the value of (/) in lines of the second order. 

16. Find from what axis a body must be suspended, that it may 
oscillate in the least time possible. 

17. If to the sine of any arc in a circle, whose radium is (r), 
there be added the corresponding cosine, with its proper sign, prove 
that the locus of the points so determined will be an ellipse whose 
axes are 

2rV[l + >/{l + >/(l + )}] 

2r>v/[l~V{l-^/(l- )}]. 

18. Given one principal axis of a system, to find the other two. 

19. A cylindrical shell of small thickness unrolls itself from a 
vertical' string which passes over a fixed pulley, and has a weight 
attached to its extremity^ find the tension of the string. 
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20. Differentiate 



(!)• 



^ /! + * 



(2). u s log. tan. ~« 



Integrate 

(1). rf« = 



5^ 
dx 



(i+x2)3 

(2). cftt = dB sec^d. 

(3). a2(i«y — yda^ = 0. 

21. Let AP^ AVy AP' •••be synchronous arcs of any number 
of inverted cycloids originating in A, and baving tbeir bases in tbe 
same borizontal line ; required the nature of tbe curve wbicb passes 
tbrougb the points P, /•*', P" ••• . 

22* A flying bridge is established on a river of known breadth 
and of uniform current ; the cable being fixed at a point equi-distant 
from the banks^ what must be its lengthy in order that the velocity 
of the bridge when half way across may be the greatest possible ? 

23. If the horizontal parallax of the Moon be accurately ob- 
served, at the same time, in two different latitudes, shew that the 
rati^of the equatorial and polar diameters of the Earth may be thence 
determined. 



: TRINITY COLLEGE, 1827. 

* 

1. Dbsgribe a circle, which shall pass through three given points' 
that are not in the same straight line. 

2. A sum of £400 is due m two years, and one of £2,100 in 
eight months. Find the equated time of one payment, interest being 
5 per cent. 

3. If from one of the angles of a rectangle a perpendicular be 
let fall on the diagonal D, and from the point of intersection per- 
pendiculars P, p, be let fall on the sides containing the (^pposits 
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angle^ then will 

4. Solve the following equations : 



(•)• 


1 + 8y = 194, 






(2). 


ax — b'^ , v^ {ax) — b 

y/{ax) + 6 ~ ^ d 


(3). 


x + y 




j;2 _ a;^ + ^2 _ ^ 



(4'). Find the value of a: to 4 places of decimals in the 
equation S^ . 2^ = 10000, 

log. 2 being = -3010300, 

log. 3 =-4.771213. 

5. If the equation s , _ 5 lie solved by means of an 

intermediate quadratic from which xy is obtained, the negative value 
in this last equation must alVays be taken in order to obtain the 
possilde values of x and y. 

6. The sum of n quantities in arithmetic progression = a, and 
the sum of their squares = b'^; find them. 

7. A cask is full of wine and contains (a) gallons : b gallons are 
drawn from it and the void filled with water i b gallons of the mix- 
ture are then drawn from it, and replaced as before by water. How 
qmcb wine will remain in the cask cifter the process has been re- 
peat^ n times ? 

8. Explain the method of finding in the tables a number corre- 
sponding to a give^ negative logarithm. 

9. Having given th^ side of a regular polygon of n sides, find 
its area. 
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1 0. Sum the following series : 

(1). —^ +^— 4- ^-^ 4- &c a(£ infinUum, 

(2). 12 — 22 + 3« - 4= + &c. ± a;2. 

(3). Shew that 

jr sin.O + J . x* sin.20 + ^ . or' sin.Sd + &c. a^f infinitum. 

xsin.O 

= tan.-i ;• 

1 -. x . COS.0 

1 1 . Shew that 

{a + 6>/(- !)}•+ {a-6 v'(-"l)}" = 2(a« + ^«)«» . cos.^^^ 

where cos. = 



n 
a 



12. An impossible root of x* — 1 == is ». Prove that any n 
consecutive terms of the series 

a-^ «-«, «"», «o, «S »2, &C. 

are the n roots of the equation. 

13* AB, CD are two arcs of a circle intercepted between a 
chord and a given diameter. Determine the position of a chords so 
that one arc shall be triple of the other. 

H. Let be the angle observed at a point in the horizontal 
plane^ between two objects whose altitudes (which are small) are 
a and 6. Then, if + $0 be the reduced horizontal angle, ^Q wiU 
be nearly equal to 

[^ .tan.--^(^^ .cot... 

15. Six persons are to be placed by lot at a circular table:' what 
are the chances against any two assigned friends being seated next 
each other? 

16. Determine the equation and position of the rectilineal and 
hyperbolic asymptotes of the curve, whose equation is 

x^ — 3ax^ -|- ^3 — Q^ 



Coil. 18S8.] IN PBOBJLBMS. ' 193 

17* Ezplarn what is meant bjr cusps, by multiple, and conjugate 
points in a curye. Shew whe^er such points exist in the curves 
whose equations are 

(1). ai^^-'X^sz 0. 

(2). (^ - axs)« = bx\ 

(S). fly« — «» — 6ar« = 0. 

(4). (x2 - ay + {f - 6«)8 = 0. 

18. Integrate the following differentials : 

(1). f^+v^-.y(^)}^ 



(2). 



(S). 



1+4/^jr 

a*— i' 
w'xdx 



(1 + x)« 

19. Determine the equation to the curve in which the radius of 
curvature is inversely as the abscissa. 

20. Find the centre of gravity of the thread of the screw. 

21. State the principle of virtual velocities, and by it prove that 
the centre of gravity of a system of heavy bodies connected together 
in any invariable manner, is, when they are in equilibrium, at the 
highest or lowest point. 

22* Prove the centres of oscillation and suspension to be con- 
vertibb : and shew the use of this property in determining prac- 
tically the length of a pendulum which shall oscillate seconds. 

25. Shew how the curve of quickest descent between two given 
points may be constructed, assuming it to be a cycloid. 



TRINITY COLLEGE, May 1828. 

1. If the square described upon one of the sides of a triangle is 
equal to the sum of the squares described upon the other two ; the 
angle contained by these two is a right angle. 

2. In a given circle to inscribe a triangle equiangular to a given 
triangle. 

S. To draw a straight line perpendicular to a plane from a given 
point above it. 

o 
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4* 6h<ft# fhtlt at my it«ge df the ofiehldmi' tot finding the 
gl^feM cdttiiiieii mefltuire of two algebmi^ eisftemkma, ftfseter 
may be introduced into or expunged from either iMf hKn^ ot difidettd^ 
which does not appear in the other# 

5. Prove that for all values of n the two first terms of the expan- 
sion of (1 + a:)" are 1 + fix. 

6. Determine in what cases ^ — a X ^ — i is possiUe and in 
what impossible. 

7. Every equation of an odd iiutnber of ditn^nsions has at least 
one real root, and every equation of an even number of dimensions 
whose hist term is negative has at ledft tWo rekl ^oots, one positive 
and the other negative. 

8. Find the amount and the 'pment ^orlh of an annuity^ at 
compound in terest. 

9. Given the three sides a, h, c, of a triangle^ c being nearly 
equal to a + 6* Find the angle C. 

\Qi Inteitigftt^ a geneftd exprottioti fot the tatigeol ci the sum 
^ iltiy nuthbeir of Atdft iti tertni of thd t&tigenU of the atite. 

11. In a spherical triangle 

„ cos. > " ■* ^ 

.x^ ^ + ^ 2 C 

COS. -^^ 

1§. Prove Napier's rules when one of the sides is the. middle 
part. 

13. The projection of a circle on a plane inclined at any angle 
to its plane is afl ellipse^ Pj^v^ this» Atid H^hgfe ihew that 

PV.VG: Qf^y.CP^: CD". 

t r 

14<< The subeontrary sectii»n of an oblique oo^e is a cirele4 

15. There can be no more than five regular solids. 

1 6. Find directly the di^rential coefficient of cos.x. 
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18. Transform tlie equfttion to tbe LemnijBCfita 

from rectangular to polar co-ordinates, and tLen find its area. 

19* Inyesfeigate the metliod of determining the maxima and minima 
of a function of two variables, and the criterion for distinguishing 
between them. 

20. The moment of the resultant of two forces acting on a lever 
at the same point is equal to the sum or difference of the moments of 
the components, according as they tend to turn it the same or dif- 
ferent ways. . ' . 

21. Prove that the times of descent down all chords drawn to 
the lowest point in a ciijcle are equal. Does this hold when the 
pland of the diicle is not vertical ? 

22. Investigate the equations of motion in a plape • 

25. Defhie the centre of percussion, and deduce the formula for 
determining it. 

24. D^fin^ the prifidpftl axes of a systemj und shew that they are 
at xif ht angles to each other. 



TRINITY COLLEGE, May 1828. 

1 . Explain fully the rule for the division of one algebraical ex- 
pression by another^ particularly as regards the arrangement of the 
terms iii each. 

2. If from the cube of any odd number greater than 1 the.numbei 
itself be subtracted, the remainder will be divisible by 24. 

S. Given two points A, B, within a circle. .. Determine the 
point P in |he circumference such that the angle APB shall be a 
maxinnim. '. 

4. On a given base, triangles are "described such that the vertical 
angle is always an arithmetic mean between the angles at the base. 
Determine the locus of the vertices of the triangles* . ' ^ ^ 

2 
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5. A giTen ocme is cut by a plane posnng through a point in the 
circumference of the base. Find the position of the plane when the 
area of the section is a maximum or minimum ; distinguish between 
the two cases, and shew what are the limits of the values of the ver- 
tical angle of the cone which admit such a maximum or minimum. 

6. APB is a quadrant, AP any arc, PM its sine. BM is drawn 
intersecting the radius CP in Q. Find the locus of Q. 

7. Sum the following series : 

<*^- + 877 + 5^9 + **^ *""*«*^ 

ad mjinitum. 

(3).«coB.*» + cok.<(>+^) + coB.*(« + 30) + &e.ton temu. 

Shew that the sum of the thiid aeries, when nfi ss iw, is iiidepen« 
dent of the value of «. 

8. Three persons A, £, and C, agree to throw a single di& suc< 
cessively till one shall have thrown an ace. Compare their respect- 
ive chances. 

9. From a bag containing 2n+l balls, 2» are taken one by one 
so that the 1st, 3rd, 5th«* (2ii -. l)th balls are white, and the 2nd, 
4th, 6th*** 2iith red. Shew that the chance that the remaining boll 
is white =s the chance that it is red, and find the chance that it is 
neither. 

10. A given beam rests on a fixed point, and with its end against 
a curve such that there is an equilibrium in all positions of the beam. 
Determine the curve. 

11. Integrate 

iw a?*rfa? -^. (sec*0 + tan.g) d9 

^^'' {^r^:/^:^^'' ^ ^' sec.9 - tan.0 ' 

^^. cos.a;c2r 

(S). —. 7 

^ * a sm.a: — 6 co8.x 
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12. Detennine the relations of x and y in the following equa- 
tions: 

(1). adx + {x+ i/)(dx^ dy) = 0. 

« 

13. From successive points in a horizontal line a ball of given 
elasticity is let fall on a given inclined plane. Find the equation to 
the boundary of the parabolas described. 

14. A perfectly flexible chain of given lengthy being placed in a 
given podtion on the circumference of a circle whose plane is verti* 
cal, slides off down a tangent to the circle at the point which the 
lower end of the chain originally reaches. Required its vdodty in 
any given position. 

15. Detennine the equation to the curve symmetrical to its axis^ 
such that, when suspended by its vertex, the time of a small oscilla- 
tion in its own plane of any portion of the curvilinear area cut off 
by a line perpendicular to the axis shall be constant. 

16. A bullet is placed in a straight tube which is made to 
revolve uniformly in a vertical plane. Determine the motion of the 
bullet. 



TRINITY COLLEGE, Jan. 9, 1829. 

L Whbn a body is in equilibrio, its centre of gravity is at its 
highest or lowest point. 

2. Find the greatest height of a projectile above a given inclined 
plane, passing through the point of projection. 

3. Find the moment of inertia of a revolving about its 
diameter. 

4. What is meant by the sensibility and stability of a balance : 
and on what do they severally depend ? 

5. If a be the height of the fixed valve of the common pump 
above the water, h the length of the stroke of the piston, and h the 
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hei|^( of a colaran of water in equUibrio with the ataioq^rej the 
water will not rise above the piston unless b be greater than 

(a + by 

6.' Explain the principle of the hydtDpneter. 

7. In the Astronomical telescope^ the magnifying power is 
kaereased by increasing die conveidty of the eye*glaai: witl&in wkat 
Kftiite is this increase confined ? 

8. The limb of a quadrant is divided into spaces of 5* eacb, and 
eleveii divisions of the limb correspond to ten divisioni of the 
vernier : to what accuracy will the instrument read off? 

9. If ^ small pencil of homogeneous light be refracted into s 
sphere^ to find the Z of incidence, so that the rays may emet^ 
parallel after any number of reflections within the «phere« 

10. Explain the necessity and reason of the Gregorian correction 
of the calendar. 

11. Is the aberration of the moon a sensible quantity ? 

12. Find the precession in right ascension. 

IS. In what manner do we determine the altitude of the ISun, 
Moon, or other heavenly body at sea by means of the sextant ? How 
is the meridian altitude determined ? 

14. Find the law of force tending to the focus of the hyperbola. 

bA"^ 4- cA* 

1 5. When the force varies as j^ , find the angle between 

the apsides. 

, 16. Make a body oscillate in a hypocydoid.- 

17. . When a body revolves on an axis and a force is impt^ateii 
tending to make it revolve upon another^ it will revolve on neither, 
but on a line in the same plane with them^ dividing the angle which 
they contain, so that the sines of the parts are in the inverse ratio of 
the angular velocities with which the body would hat« revolved 
about the said axes separately. 

IS. The increase of weight in going from the equator to the 
pole oc sin.^ latitude nearly. 

19* Explain Newton's method of determining the ratia between 
tha polar aqd equatorial diameters of A0 Earth* 



90. Explain genmllyi ib etuie of Neap aod Spriiig Tides. 

21 . What is die use of the flj- wheel in machinery } 

it2. ' Xi^t any forces act upon a system moving round a fixed axis ; 
to find the pressure 9n the sg^ 



TRINITY .eOLLIOE, Jan* 18|9. 

, • - ■ • • • * 

1. Explain what is meant hy the locus of a point. By the in- 
tersection of two loci, solve the following problems : 

(1). To describe a whioh $hall pas^ thso^gh three given 
points. 

(8). To find a pcnnt at whieii thfee given |* placed contigu- 
ously, and in the same |, shall subtend equal Z'* 
State the circumstanced usder whie^ th«. problems are impossible. 

, 3. Find the lepgth of -t^e J^ kt fajl frpnj a j;iv§Q point oq a 
given straight line. 

S. Reduce the following fractions : 

(\\ -— ; — — rr — to Its lowcst tcrms. 

(2). — , . to one having a rational denominator. 

4. Solve the following equations : 
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6. Th6 angle observe at a point in the harinrntal plane between 
two objects whose altitudes (which are small) are a, b, and d. Shew 
that if d + M be the reduced horizontal Z> M will be nearly equal to 

7. What are meant hy conjugate points in a curve? What by 
cusps ? Do such points exist in the curves whose equations are 

(!)• (x« - a»)« + (y« - &«)« = 0. 

(2). (^-a?)««=«». 

(S). y =s ax* ± bx^. 

. 8. Find the rectilineal and hyperbolic asymptotes of the curve 
whose equation is 

x^ — Saxy + ^ ^ 0. 

9. Having given the inclination of two planes to each of the 
three rectangular co-ordinate planes^ find their inclination to each 
other. 

10. Find the length of the common parabola, and integrate the 
differentials 

dx 

•(1.) 



(2.) 



iJifl-^-bx — cx^) 

dx 
\/(l-^)^ 



11. Integrate the equation ;^ + P • ;r^ 4 Qy^R, wher^ 

P, Q> i2 are functions of x only. 

12. If three forces keep a point at rest, they are to each other as 
the sines of the angles contained by the other two. 

13. Find the centre of gravity of the figure which is the differ- 
ence of two isosceles ^^^* . on the same base, and on the same side 
of it. 

14f. Assuming the principle of virtual velocities, shew that the 
centre of gravity of any number of heavy bodies connected together 
in an invariable manner is, when they are at rest, at the highest or 
lowest points. 
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15. Find the law of.tbickness of a string, so that it may hang in 
the form of a parabola with its axis vertical. 

16.' The reflecting curve is the reciprocal spiral^ and the radiating 
point is situated in the pole. Find the equation to the caustic. 

17. Given the height of a vertical style^ the zenith distance of 
tlie Sun's centre, and its apparent diameter ; ,find . 

(I). The length of the shadow of the style. 

(2). The breadth of the peni!imbra. 

(3). The distance of the. centre of the penumbra from the 
point corresponding to the Sun's centre* ., 

18. A given cylinder full of water and closed at the top> is 
whirled round its axis with a given uniform velocity; find the 
pressure on the lid. 

19.-^. A particle of matter is situated in the axis of a paraboloid, 
consisting of equal particles, each of which attracts with a force pro*- 
portional to the distance ; find . the magnitude and podtbn of a 
sphere which shall attract it with an equal force. 

20. A body moves on a rigid logarithmic spiral, the force, which 
varies inversely as the nth power of the distance, being situated in 
the pole : find the pressure at any point, and where, and under what 
circumstances, the body will quit the spiral. 

21. At a given time to find the inclination of the Lunar orbit to' 
the plane of the ecliptic £NetvUm, Book III. Prop. 35.]] 



Trinity college, Junb is^g. 

1. t)ssc;BiBB an isosceles triangle having each of the angles at 
the base double of the third angle. 

2. Find the interest and discount of £ 500 for 7 months at 8 J 
per cent per ann. simple interest. 

3. Find the value of \/ | - 2 + -^ \ to two places of 
decimals. 



SnS BXAMIMAimil lUMRS (fWiil^ 



\» Pr^ve the hinoiiiisl thenmn whan tlie iadcK is a poative 
integer, and write down the nth term of the expansion of —77- ^• 

5. Determiiie the c^Mnmensurafale roots of the e^uatipa 

»* ^-e*' - 27a:« ^ 4^ + 36 «0, 

6. If the roots af Ibe aquatum 

a* — p«*-^ -f ^x*-* — &C, sK 0, 
are all possible^ the roots of the equatum 

«c»^J «• (a ^ 1) |ur»^« + (n — 2) . ^af--» ^ Ac. 5«= 0, 

lie between those of the former. If the former equation has impos- 
sible xoots^ an odd number of roots of the latter li^ betw^i^ each of 
tho^ of the fanner. 

7. Shew how the sine of 1' may be found. 

S. Determine the distance between tiro viiiible bat inaccessible 
objects on a horiaontal plane. 

9. If A, B, C be the angles of a spherieal triangle, anA S the 
surface of the whole sphere, the area of the triangle 

_S >+ B»-4- 0-- 180» 
""4" ISO* 

10. Also if a, b, c, be the sides opposite to the angles A, B, C, 

a ^ b 

1 1 . Prove that in an elUpse 5P X HP = CD». 

12. Expand a* in a series proceeding by powers of («). 

1 3* Having given the equation to a straight line, find that of 
another line which is perpendicular to the former, and passes through 
a given point. 

14* Find the rectangular equation to the conchoid of Nicomedes, 
ag[i€L frmn it deduce thcL.fonn of tiie curve, shewing in. what cases 
there will be a nodus, cusp> or conjugate point. 

. 15. If the forced P, Q, &c. J>alan^e the forces P', Q', &c. acting 
upon the arms of a lever, %hew that ^ 



wherp C% CJV^ &e. fOid CM', €N^, Sec. are the perpendiculars frpm 
the fulcrum C pn %h^ direfition^ of the forces. Alao if C h6 Htftcbi 
the origin of rectangular co-ordinates^ and P's direction make an 
angle (a) with the axis of (x)', and x, y, be the co-ordinates of any 
point in /^s dirtectioni prove that CM = y cos.* -^ a; fiiti.ou 

16. State and illustrate the second law of motion^ and mention 
several fiicts froi6 which its truth may be inferred. 

17* Find the time of oscillation in a small drcular arc. 

18. State the principle of virtual velocities; and prove it either 
generally^ or in the case where three forces act updn a point. 

19. Draw a tangent to an ellipse from a given point without it. 



•^ >«i5 



Xr X 

20. Prove that tan,*"* .xaasa: — — +-r— ic. • 

3 5 

21. Sum the series P r|- 2^ ^ 33 ^ &c.^«» to («) terms. 

22. Find the moment of inertia of a semicircle about its dia- 
meter. 

SS. Find th6 equations to a strtdght line in space ; and detezzoine 
the viglc which two linesj whose equ^itions are given, make ivith each 
other. 

^i. Investigate the general equation of equilibrium of any fluid ; 
and shew &om the equation that the resultant of the forces at any 
point in the surface of a fluid incompressible and perfectly free is a 
normal to the surface* 



TRINITY COLLEGE, Jmtu 1829. 

' L Ak equilateral triangle and an equilateral and equtangidat 
pentagon have the same perimeter ; compare the radii of tlie circles 
inscribed in them. 

fi* If a straight line be perpendicular to si pkuie, the projection rf 
that straight line on any other plane and the intersection of the iwd 
planes axe at right angles to each other. . 

$* If C be the centre and P any point in the aro of an ellipse^ 
find the angle contained between CP and the normal at P; and de- 
termine the point P where that angle is the greatest. 
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4. Shew that^ ]£ A+ Bx + Cxi^ ss^a + bx +C3^^ for three 
paiiieular values of (x), A must ssa, B ssb, C s c. 

5. What most be the fonn of {n), 

(1). that — • may be even, (2). that it may be odd. 

6. There are three cad:8, each of which contain a mixture of 
water, wine, and brandy in a given ratio ; what quantity must he 
taken from each to form a fourth mixture, which shall contam a 
given quantity of the above ingredients ? 

7. If the terms of an equation be so arranged as to be alternately 
positive and negative; and if il, My A!'y be the coefficients of the 
1st, 3rd, 5th >-» B, B^, B^% of the 2nd, 4th, 6th terms so arranged, 
and the index of x, in each odd term exceed that in the following 
even one ; shew that the greatest of the ratios 

B B^ B^' 

A T Y'' 

is greater than the greatest positive root. Apply this to determine 
a quantity greater thaii the greatest positive root of the equation 

x^ — ISx* + 67*3 — 171x« + 216a: - 108 = 0. 

8. If A and B be two fixed points, and P a point in any curve, 
such that AP + BP is a '^ minimum ;" shew that AP and BP make 
equal angles with the normal at P, 

9. Calculate the Naperian and common logarithm of 1 1, each to 
five places of decimals ; 

Naperian log.2 = •6931472 

Naperian log.5 = 1-6094379. 

10. Trace the curve whose Equation is x-if — a^x + h^ = 0, ibid 
draw its rectilinear and h3rperbolic asymptotes. 

Shew also that the whole area intercepted between the curve and 
the hyperbolic asymptote, and corresponding td the positive ordinate 
in the curve, is as a\ 

11. If z =/(a:, y) be the equation to a curve surface referred td 
three rectangular axes, and (ti) the volume included under a portion 

of the surface, prove that , . = z ; and apply this expression to 
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find the volume cut off by the planes of xy, yz, and a plane parallel 
to that oiyZi in the suzface whose equation is j;* + ^^ + as s; &^ 

12. A bag contains- 16 ballsi 7 of which are white; if 5 are 
taken indiscriminately, what is the probability of taking. three white 
ones? 

13. How does it come to pass^ that what appears sufficiently 
strong in a model, is frequently very weak when executed in large 
dimensions according to the model? Illustrate this by the considenu 
tion of two similar prismatic beams fixed in a wall,- acted upon only 
by their own weight. 

14. If two lines SP^ HP, revolve about two fixed points S^rH, 
so that SP-AHPrssiffi. CS^, (C being the middle point of SH), 
find the equation to the curve of which P is the locus ; and determine 
its form according as (n) is greater than, equal to, or less than 
unity. 

15. Draw a plane which shall touch two given spheres, and pais 
through a given pdint. 

16. Sum the following series : 

4 + 7+lS + 25 + > , ^ , . 



17. Prove that 



; 



'6 = 0> 

tBXi^ddd I \ a 



V I'^T— > 



is/iGO^^a + tan.^0)\ 6 s= - / sin.« 

2/ 



and find the relation between («) and (6), when 

^ + II = il co8.m9, 

and firom the general solution deduce the result when m = 1. 

18. Determine the curve which shall cut a series of circles whidi 
touch each other .at the same point, so that the tangents to the 
circles at the points of intersection shall pass through a given 
point. 

19. Having given a solution of a proposed differential equation, 
determine whether it is comprised in. the complete integral or not. 



d6# EXAMmATfO!! vAtEiBLB [Trinitg 

90i A uniform ladder is placed in a vertical plane agiiinst an 
upright wa]l> and a slight motion is communicifted to it^ ao as jttst to 
move it out of the perpendicular ; find the time of its fiilling through 
a given angle. 

21. A given triangle of uniform density, and moveable about the 
perpendumlar from one of it4 angular pointa on the Oppoaite side as 
an axia« la strnek by a given force applied at its ototreof gravity } 
find the pressure produced on the axis, imd the angular Velodtj 
communicated to the triangle* 

22. What is the common theory of the arch ? Why is it impei> 
ftbt ih a plvctioal point of view? EtpUdif bow the true thepty is 
odtmected With tb«t of roofs, and Why the pointed iirth must eaity a 
heavy loid on its verteick 

SS. £xplairi the physical cause of solai^ precession atid Solar 
nutation ; and determine the angular velocity generated by the force 
of th6 Sun on the Eatth's suxface considered a homogeneoua tpheroid, 
the integrals of x^dtn, y^dm, and xi^dm for the whole spheroid being 
given. 



TRINITY COLLlEGE, May 1830. 

1. Upon a given straight line to describe a segpient of a circle 
containing an angle equal to a given rectilineal angle. 

2. Reduce the fractioi, ^^..^^.g^^^ to its lowest 

terms. 

*. . • ' » 

3. Find the interest on £57. 13^. for 9 months at 2^ per cent 

4. Give a method of apprbximatitig to the nth. root of a number, 
lind apply it to th6 cube root of 1010. 

5. Give Cardan's solution of a cubic equation, and «hew that it 
fails uftlesa t#o toots be impos^ble, or two roots equal. 

6. Resolve x^ + I into its quadratic factors. 

< 7. It! li plane tHangle having given two sides and the inclufled 
angle*; d^tehnine the refiitUrtin^ angles. . 



tff4li IBSO.] m PROBiiniis. y^ 

8. (co«.fl + v' •** * ttn.a)« =s cog. fUi^ i/ -i 1 lifi. im/ P^ve 

thiB, whether (n) be whole or fractional. 

9- Having given the sides of a spherical triailgle, determine the 
sine of half one of the angles^ and adapt the formula to^logatithmtc 
computation. 

10. If O be the right angle in a- right-angled spherical triangle^ 
find the variation of the side (a) corresponding to a small variation 

fc in (c) ; and shew that when c = 90** the variation is — — ^ ^ • 

11. Determine ^the length of a perpendicular from a given point 
on a line whose equation i^ given. 

1 2. Determine the position of the centre and ms^itude of the 
axes of the ellipse whose equation is Sty^-^^ff^-l- iS^— I6i;-^47s£:0. 

1 3. State the principal steps in the reasoning by Which it may be 
shewn ^independently of the differential calculus) that if / (x) be 
any function of (ar)^ and x be increased by A^ /(a$ -4- A) may bb 
expanded ih a feries of the form/(<r) + PA + Qt^ + ••• 

14. Determine the differential of a solid of revolution, and apply 
it to find the content of a sphere. 

15. Integrate the diffefentiials 

dx d e x^dx /x:=0\^ 

VCflS + x^) cos.36* V(fl2 — 4}«) \x=±a/ 

16. Determine the co-ordinates of the centre of gravity of an 
area, which is terminated one way by the axis of (jt}. 

17. State the third law of motion, and the nature of experimenb 
by which its truth may. be inferred. 

18. Determine the path described by a projectile in vacuo, acted 
bn hy ^Pavity, aild the place df the body at th^ )»nd of an Assigned 
liitte* 

19. Prove that 

log.« = log..+ 2jj^^ + i(_-j) +i(-^J +., 

How should we make use of this series, to determine the common 
logarithms of all nuihberfl from 2 Id IB. ?. ) 
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' 90* Dedaoe the .equations (1) to a plane (2) to the curve of the 
thread of a screw. 

21. Determine the motioh of weights on a wheel and axle, and 
the pressure on the axis : taking into account the inertia of the 
machine. 

22. A hody moves on an inverted cycloid, with a vertical axis, in 
a medium the resistance of which = it X velocity, and is acted on 
by gravity. Determine the time of an oscillation. 



TRINITY COLLEGE, May 1830. 

1. What is the price of carpeting a room 18 feet 9 inches long» 
and 12 feet 6 inches broad, at 5s. a yard ? 

2. In how many years will the population of a country double 
itsdf, if the aimual increase be -riir^b ? 

log. 2 + -301030, log. 140=: 2- 146128, log. 141 =2149219. 

3. Solve the equations 

(!)• 4/(« + a:)+4/(a-ar)=:i 
(2). 13jr + 9y = 250, 

determining all the positive and integer values of x and y, which 
satisfy the last. 

4. State the best method, with which you are acquainted, of 
determining all the rational roots of a given equation ; and apply it 
to determine those of the equation 

2a:*+ a:* — 10a:« — 2jr + 12 = 0. 

^ 5. In approximating to the value of a quantity by the method of 
continued fractions, each converging fraction differs from the true 
value less than any more simple fraction: 

6. If. ^ be the radius of curvature at a point in an eUipse where 
the normal makes an angle A with the axis-major. 



f = 



(a«co8.<d+^A«8in;«0)* 
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7. Bisect a cone by a plane passing tbrougli the circumferenoe of 
tbe base. 

8. Shew that if « SB V{ (« — «? + (^ — ^ J* + (« - cfh 

d«-- d^*- ^.- 

9. Apply the theory of maxima and minima to determine the 
shortest straight line from a point x\ y> z^^ to a sphere whose 
equation is 

10. A bag contains twelve balls of four different kmds^ three of 
each kind ; what is the probability of taking one of each sort^ if four 
be taken out at once ? 

11. A given beam rests with one end on a horizontal plane^ and 
the other on the convex surface of a hemisphere^ whose centre is in 
the plane ; determine the magnitude of the horizontal force which 
must be applied to keep the beam in a given position, and the pres- 
sure on the sphere and plane. 

12. Determine the locus of the intersections of the tangents of a 
circle with the perpendiculars upon them from a given point. 

13. Two bodies set off at the same time from opposite extremi- 
ties of a diameter of a sphere, and describe two great circles inclined 
at a given angle with given uniform velocities; determine their 
places when nearest to each other. 

14. Determine the parabola which shall have a contact of the 
second order with an ellipse at a given point, and have its axis paral- 
lel to the axis-major of the ellipse. 

15. Compare the weights of two spheres of equal diameters, the' 
density of the particles in one sphere being uniform throughout, and 
in the other varying as the nth power of their distance from the 
centre. 

16. Determine the nth term of the series 11, 15, 21, 29, &c 
and the sum of n terms ; and find the value of x log. x, when x = 0. 

17. Integrate the differential equations 

(1). (1 — x^) dy + xydx = adx^ 

^^' 5^ "^^ ^ / ■*■ ^ " *' ^^^'^ ^' ^'^' *^ functions of (ar). 



1 8* Petennine IIiq angles wbieb |;be nomial to ()ie ainr?6 suxf i|ce 
whose equation is Xdx + Ydy + Zdz == 0^ makes with the fk:sfMi pf 
co-or4ipates. 

19. Two bodies, P and Q, connected l^ a rod (without weight )» 
slide the one on a horiflontal planey- the ether on a given inclined 
plane, acted on by gravity ; ^eter nitne »he motion. 

^0. Enunciate the genepil principle pf virtual yelodti^, ai^d 
8ho\y how its combination with D'Alembert's principle reduces all 
dynamical problems td the solution of a statical question. 

« 

21. A quadrant of a mde, jnpveabte about one of its extreme 
radii, as aiv avis, is strnck b|f a giyen force applied at a given point 
in a direction .perpendicular to its plcfne : detemune t^e pressure pro- 
duced on the axis, and the angular velocicy communicated to the 
quadrant. 

22. Gi^en the length of a curve, to find its form, that its centre 
of gravity may be the Ipwest possible* 



St. JOHN'S COLLEGE, Mat 1828. 

1 . In the expansion ot (a + 6)*, the coefficients taken at equal 
distances from ti)e beginning and end are equal. 

2. Extract the square root of 41 — 24*^/2. 

S. In a plane triangle, the sum of the sides is to their difierence, 
as the tangent of the s^mi-sum pf the angjles at the base^ to the 
tangent of their sem|-difierence. 

4. An equation, which has but one ol^ax^ge pf ^igns^ caQ have hMt 
OfiQ positive it^ot 

5. Prove that the position of the centre of gcavi^ of a plane 
eurve, referred to rectangular eo-o^inates x, y, and bounded by the 
axis of X, is determined by the equations 

fydx * fydx 

6. A body upon an horizontal plane w}ll be supported qr npt, 
according as the vertical drawn through the tontre pf gravity falls 
within, or without the base. 



7* Porpondic^Uia drawu £poin the fpei upon tha ta^fDPt to an 
lljpeHxda:, mo^t it in ti^ei cmumfeireiice of' t)ie cirde described upoq 
^e fixi^-Qugor as difuneter* 

8. If fo^v magnitudes of the same kind are proportioials, Uie 
greatest and least of them togetlier are greater Aan the other two 
together. [EucL v. ^25.] 

9. In the ellipse, prove that 

10. If fluids of different specific gravities communicate through 
a bent tube, the heights above the common surface will be inversely 
as the specific gravities. 

1 1. The defects of the mercury in the gage of an aii^pump after 
suooevive stiokes are in geometrical progression. 

12* To separate x" + 1 into its factors, where n is odd ; and to 
shew that the fkctors obtained from the general expression will recur 
afVer a certain number. 

13. Prove the following theorepd ii^ iin|te diffi^raQces: 

n -.-^ 1 
"«+• = «x + wAmx + W • ■ 'g ^^itx^r &C. + AVr« 

H. Find the avea of a spherical triangle in terms of its sides. 

15. Prove that - a fraction converging to the value of — differs 
from it by less than — • 

16. Find the chance of throwing an ace in three tria-s with a 
single die. 

17. Give the general equation to a conic section \ find the posi- , 
tion of the rectangular axes, and determine whether it has a centre 

or asymptote^ and their position. 

18. If a body float in a fluid, explain what is meant by the 

Metacentre, and find the time of its small oscillations. 

•••■'• 

J9. If the Earth be a spheroid of equilibrium, the force of 
gravity at any place varies as the normal. 

p2 
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20. GiYeiiA, B,vaA C tlie momentsof inertia of a lolidabont the 
ihree principal axes passing through a given point, prove that tat an 
axis pasnng through the same point, and making angles a, 0, y 
vespectivdj with the former, the moment of inertia is equal to 

i<.cos.^«+ B.cos.*/3+ C.008.V 



St. JOHN'S COLLEGE, June 1829. 



1. Ann together "0125 of a pound, *0625 of a shilUng, and *5 of 
a penny, and reduce lis. 9ld. to the decimal of a pound. 

2. Prove the rule for finding the greatest common measure of 

a^ — b^ 

two quantities, and reduce -= rr-r — rrr-T n to its lowest 

^ a* — 6* + a*6* (a — b) 

terms. 

S. Extract the square roots of 654481, 1 +\/— 24', and the 
cuhe roots of S89017, and2+ IW— L 

4. Solve the following equations : 

(1). -LI I I L.. 

^ ' aj-2 or — 4 x-'S a — 8 



(8). 8«* — a?-* + 2=sa 

(4j). 9a: + 8y s= 43 ) 
8» — 9yss: 6S 

(5). y« + X = IS 1 

y + «« = 97r. 



5. If a: ft ::c: i2, shew that a + ft: a — ft::c + ^:c — £f. 

6. Prove the rule for finding the sum of a geometric series, and 
apply it to J + f + ad inf. 

7. The three interior angles of every triangle are together equa^ 
to two right angles* 
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8. If tbe square described upon one of the odes of a triangle be 
equal to the sum of the squares described upon the other two sides of 
it ; the angle contained bj these two sides is a right angle. 

9. One dicumference of a circle cannot cut another in more than 
two pomts. 

10. The angles in the same segment of a circle are equal to one 
another. 

1 1 • Inscribe a circle in a given triangle. 

12. Ratios that are the same to the same ratio, are the same to 
one another. 

IS. £qual parallelograms^ which have one angle of the one 
equal to one angle of the other, have their sides about the equal 
angles redprocall j proportional. 

14. In a plane triangle, of which the sides are a, b, c, and oppo* 
site angles A, B, C, prove that 

-: — dSSt* cos.^= — ^7 • 

15. Draw a straight line perpendicijlar to a plane from a given 
point without it 



St. JOHN'S COLLEGE, May 18S0. 

1. Tbianolbs and parallelograms of the same altitude are to 
one another as their bases. 

2. If a solid angle be contained by three plane angles, any two 
of them are greater than the thirds 

3. find X and y firom the equations 

Shew that if fl > i, then Vt^<T 

o + m h 

4. Given the first term and common difference of an arithmetic 
(Progression, find the sum of (n) terms, and the sum of their squares. 

5. If m and every greater nufnber, when substituted for a; in an 
equation, give positive results, m is greater than the greatest root. 
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6. Everjr equation has at least as many changes of sign as it has 
positive tobts^ and as many continuations of sign as it has negbtive 
roots. 

7- Solve the equations^ 

Sx^ — 6jc« — Sx +1=0, 2*0? - 2*a — Sa^^ = 0, 

x^ + 3x«— 8a: + 10 = 0, a:^ — a?* + Sx + 5 = ; 

of which the first has roots in harmonical progression, the second 
equal roots, the third a root an integer, the fourth imaginary roots. 

ft 

8. Find all the positive integral values of x and ^ in the equation 
1 3a? — 17y =3 54. Shew how to solve the equation a?* — ny^ s= 1 . 

9. Find the sines ef the sum, and difference of two area in ttans 
of the sines and cosines of the arcs themselves. Shew how die sine 
qf l'^ may he found* 

10. In the parahola, prove that fhe subnormal equals half Uie 
latus rectum, and that ^SP.PF= QV% In the ellipse, shew 
that SP.HP^ CD^. 

1 L If a point be kept at rest by three fiirces dieting at die saine 
time, any three lines which are in the directions of .the fbhsBi, and 
form a triangle, will represent them. 

12. Time of osdllatioa of a pendtdum leng& (/) pe t /-• 

13. Define the specific gravity, and density of a body; and if 
K Wf Q, by 8 represent its volume, weight, quantity of matter, 
density, and specific gravity ; write down the equations which con- 
nect these quantities. 

14** Investigate the equations of equilibrium of any fluid ; and 
shew tbat the resultant of the forces at any point in the surface of 
anuid iilcompr^ssitde and perfec^tly free, is a normal to the surface^ 

15. A solid body moveable about a fixed axis is acted upon in 
all its points by ^ven accelerating forces in planes perpendicular to 
that axis ; prove that the efl^tive accelerating force of rotation at 
distances (1) from the atis, equals the moment of resultant of the 
iifi|>res8ed forces 4- moment of inertia of the body> both moments 
being relative to the fi&ed axil. 
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16. IF a sioM bdd^ be strtick ih a direction peirpetidiculcir to the 
plane through its oeiitre ot ghivity^ ftud an axid about which it is 
moveable t fitid the pr^sure which the axis Biwtiuils at th^ moment 
of impact, and the conditions in order that it may vanish. 

lY. Wh^t b li ^nerftting !\inction? Find those of x and of 

• Express ««^., in terms of Ux, and its successive differences. 



Id. f\ni the integrals of • 

jp« (*- l)*i «», ' ' , ■ , u — p-^r » -* log. tan. M j 

(a? + 1) (a: + 2) (« + 3) 2' ** 

and the value of the continued fraction 

a c <? • 

• — ■ _-it..;. to X terms. 

a + tt + d + 

19. Knd the general equiitidn to surfaced of tevdlution^ and 
draw the shortest line between two given pointiS bn a surfkce of 
fi^voltitic^. 

20. In a parcel of (m) cards^ is a sequence of (a) hearts ; after 
shuffling the whole parcel^ what is the probability that among the 
^t {p) catdtf tuhied tt^), all the he&rti^ ate tutiled up In brder ? 



QUEEN'S tOLLEGfi, 1928. 

1 . DESdRiBE A circle which sball touch & given clircle, and each 
of two given straight lines. 

2. The product of two quantities divided by their greatest com- 
mon measure, is their least common mtdtiple. 

S. Four timei the )itt)dttbt Of the sines of the bAgleU of any 
triangle^ is equal to the silili of the sines of the doubles of tttose 
angles. 

4. Glv6 the meltiod of solution of a taVic ^Ubttoti by mie^tis of 
trigdnontetricai tables and ibtmulee^ iitid ex{>hdn the drtutn&tanceil 
under which this method fails. 
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5. If there be two lines, whose equations are respectively 

yssax.+ b and y ^ a'*' + b'; 
it isTequired to find the tangent of the angle between them. 

6. Find the equation to a curve generated in the same manner 
as the Cissoid of Diodes^ that part of a parabola which is cut off by 
the latus rectum being substituted for the generating semicircle. 

7. A lever consisting of two equal straight rods at right angles 
to ^ach other is moveable about the angular points, a given weight 
is suspended at one extremity, and a variable one at the other ; in 
what manner must the circular arc described by the given weight 
be graduated, that the amount of the variable weight may be always 
indicated? 

8. A perfectly elastic ball A impinges on another B at rest, and 
they meet again at the point C after B has been reflected by a ver- 
tical plane at JD. The ball A, and the distances BD, BC, are 
given, to find the ball B. 

9. A chain of given length is hung over a fixed pulley, at the 
beginning of the motion the excess of the longer side above the 
shorter is given ; find the time of running off. 

10. Find the centre of oscillation of a circular area vibrating in 
its own plane about a given axis. 

11. A body falls down the axis of a cylindrical tube of given 
radius, inconsiderable thickness, and infinite length, the particles of 
which attract with forces varying inversely as the square of the dia- 
tance ; find the velocity acquired in falling through a given space. 

12. If a small quantity of air be left in the tube of a baremetef, 
what will be the consequent depression of the mercury below the 
standard altitude ? 

IS. If a solid of revolution move in a fluid in the direction of 
its axis, compare the resistance on the surface with that on the base ; 
and apply the general formula when investigated to the case of the 
hemisphere* 

14. A cubical vessel of given dimensions has a vertical crevice 
of given uniform width from top to bottom of one of its sides; re* 
quired the time in which the vessel would be emptied through that 
crevice. 
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15. If two rajs inclined to each other at a small given angle fall 
nearly perpendicularly on a convex mirror of given radius^ and 
placed at a given distance from the point of intersection of the inci- 
dent rays ; what will be their mutual inclination after reflexion ? 

16. If a ray refracted into a sphere emerge from it after a given 
number of reflections^ determine the deviation of the ray^ and the 
angle contained between the directions in which it is incident and 
emergent. 

17* What is the nature of the caustic when the reflecting sur* 
face is a sphere^ and the focus of incident rays is in its surface ? 

18. Find the law of forco parallel to the axis, by which a body 
would be made to describe a cycloid. 

19. The comer of a rectangular piece of paper being doubled 
down, so that the triangle shall always be of a given area ; prove 
that the vertex of the triangle will trace out a lemniscata, whose 
area equals the area of the triangle, and which may be described by 

a force placed at its knot varying as -=r^« 

20. Force ot jr^; shew that the velocity at any, point of the 

Q 

descent x tan. -^ ; ^ being the circular arc whose diameter is the 
first distance and versed sine the space described* 

21. Compare the quantity of light from the Sun which falls on a 
given area at the pole of the Earth on the longest day, with the 
quantity which falls on an equal area at the Equator on the day iii 
which the Sun's declination is nothing. 

22. Investigate an expression for the tangential ablatitious force 
on P [j^ervion, Sect. 1 1^- Find when it is a maximum ; and find 
the velocity of P corresponding to this maximum value, V being the 
velocity of P at quadrature; 

23. Find generally the equation to the orbit in fixed spac^ [NefiJ* 
ion. Sect 9], and from that equation shew that the difierehce of forc^ 

in the fixed and moveable orbit varies as r=T' 

JLP 

24^. Explain the construction of Hadle/s Sextantt 
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25. Give tlie ktitudd of A t>la£e, anfl ihe decliiiatloti of the iSiin ; 
find the tiihe that the Sun is^ above the horizon. 

26. Shew how the time, duratiotf and magnituoe of a lunar 
eclipse may he computed. 



QUEEN'S COLLEGE, May 1827. 



1. PKofiltJlat 

>l.(;> + l).(».4-2) , 6» 

and from this find the sum of the series 

1 I 1 . 1.3 1 . 1.3.5 1 - ^. « .,^ 
SJ 2^2.4 2« 2.4.6 S» •^•^*"» / 

1 
S. Shew that m . («*^ '^ 1) «£ Naperien logarithm m when M is 

infinite^ and pzove from this that Naperien logarithm x 

= (ar — 1) • — • -— • — , &c. to infinity. 

X* + 1 X* +1 ** + 1 

3. Investigate Cardan's tUle for the solution of the cubic equa* 
tion x^ '■^qx -{• rs±0, and shew that when t < ^* ^® expression 

for determining x may be reduced to the form 2 /| « cos. ~, where 

# iii an am^ whoae cosiiie is •^ -7t — r--" 

4. If il, ^> C be the angles of a triangle^ a,byeihjb oppatiM 
sides^ and 9 the angle contained between b and a straight line drawn 
from A to the bisection of the opposite side, prove that 

c ' (^ c^ 

= T • sin. A — i • 75 • situiA + i • 73 • «n.S J + die. 

5. In a giTed t«ctaiigl(g iascribe fl ^niUelOgram of given Ittea 
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Imd coiitldtiing ati auglb equal id i, given angle; atid point out the 
limitationls of the problem. 

6. ^C^ is a circle^ AB a diameter^ draw any cbord AC and 
join CB, and in ilCt produced take CP proportional to the triangle 
CAb ! find the (oeus of P. 

7. Two forces p and ^ acting at right angles on a material point 
have a resultant r ; find two other forces of which the sum is the 
same but v^hicH abtittg At an angle t hare It resultant nr, imd shew 

that this is always passible when n > ^^£±L_. 

8. A hemisphere is placed oh a horl^ntal plane with its vertex 
downwUftls : find the height of ft cone of the skme base which placed 
upon the base of the hemisphere will make the equilibrium of the 
whole mass that of indifference* 

9. An imperfectly elastic ball h projected from a p6iht iii the 
circumference of a given circle^ and after three rebounds at th^ 
Gircitmfereaoe returns again to the ^int of projedlion ; find the di- 
rection of projection. 

10. Find the moment of inertia of a rectangular parallelopfped 
about one of its edges> and also the time of a small oscillatiolL. 

11. A hbllbw cylinder of given radius but not of ibcoiiidderabte 
tiiidkness ivtts dbWn a given inelitied plane in a given time ; find its 
thickness. 

1% A right cone standing on its base is filled with mercury and 
water *, divide it by a plane parallel to the base so that the pressure 
on the upper and lower curve surfaces fahall be equa)^ the quantities 
of mercury and water being supposed equal in weight. 

13. A cubical vessel of gived siee and weight is placed on a fluid 
of g^ven specific graidty having a small orifice at the bottom ; what 
time will elapse before the vessel is completely immersed ^ 

14. In a vessel of fluid is placed a paraboloid with its vertex 
downwards ; find its length so that the vertex of the paraboloid may 
just reach the bottom of the vessel. 

15. Find the time of emptying the upper half of a paraboloid 
whose axis is parallel to the horizon through a small orifice in its 
vertex. 
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16. A glasB meniscus of given radii and inconsiderable thickness 
floats on the surface of a bason of water of given depth ; required 
the focus of refracted rays diverging from the bottom of the bason 
and passing nearly perpendicularly through the lens. 

17. Find the nature and length of the caustic, when the reflect* 
ing curve is a cycloid and the radiating point in the centre of the 
generating orde. 

18. Compare the quantity of light from the sun which falls on 
a given horizontal area on the longest day at two places, the latitudes 
of which are given. 

19. Having given the latitude of the place> the day of the year, 
and the angle at which the ecliptic is inclined to the horizon ; find 
the hour of the day. 

20. Find the aberratic curve on the supposition that the Earth 
moves in an ellipse and is acted upon by a force perpendicular to the 
major axis* 

21. Find at what point in an ellipse described about the focus 
the approach towards the centre of the ellipse is twice as great as 
that towards the focus. 

22. A given body is projected with a given velocity in a hori« 
sontal direction along the inner surface of a horizontal cylinder of 
given radius from a given point not more than 90^ from the lowest 
point ; required its position after a given time* 

23. Compare the r^stance of the atmosphere agaixist a spherical 
shot with that against a shot of the same weight formed into a hollow 
cylinder of given length and radius moving in the direction of its 
axis with the same velocity. 

24«. A chaiii of given length and thickness suspended by its ex- 
tremities from two given points in the same horizontal line fconls 
itself into a semicircle; find the law of the density. 
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QUEEN'S COLLEGE, May 1828. 

1. Pbove analytically and geometrically that the perpendiculara 
drawn from the angles of a plane triangle upon the opposite sides 
intersect each other in one point 

2. Find a point in a spherical triangle equally distant from each 
of the angular points. 

S. The area of a regular polygon of n sides inscribed in a circle 
is to the area of another regular polygon of 3 n sides inscribed in 

a/(3 4- k) 
the same circle as 1 to Ar ; prove that cob.0 s=s — 1-— — /, B being the 

angle which a side of the last polygon subtends at the centre of the 
circle. 

4. Find all the roots of the equation x"^ — 1 ss in a numerical 
form, and reduce each to the form of a + |3 ^/""l • 

1 

5. Prove that m . (o:^ '- 1) == Nap. log.ar when m is infinite, and 

thence shew that 

Nap. log.ar b= (a? — 1) • -— • ■ • &c. 

xi+l «*+ 1 ar*+ 1 

6. Sum the following series : 

5 + 9 + 51 + 231 to n terms, 

13 5 

+ o ft g + a A c + &c. to « terms and to infimty. 



1.2.4f ' 2,3.5 ' 3.4.6 

r:3-3-3:5-p+5:7'3-3 + ^^-*""*^^*^- 

7.- Solve the equation Ux+t . tij. == e', and find ihe general term 
of a series of which Sx^=im.Ux + nux^i, Sx being the sum of x 
terms, and Ux being the ^rth^term. 

8. If two ellipses whose eccentricities are respectively e and ^ 
be described on the same m%jor axis> and Q and f be the angles 
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which equal radii measured from the fed make with that asds ; prove 
that 

8 cos.f — C09.9 ^ 4 . e nearly* 

• ■ 

9« A given paraboloid whose axis coincides with the axis of j: is 
cut. by. 9l plane whose equation laz^- qx szO^ ^nd the equations to 
the intersection of the two ^urf^ces and determine its axes. 

10. Investigate the equation to tb^ curvQ in yiiidti the r^us 
of curvature is always equal to the normal ; the curve being supposed 
to be eonvax to the axis. 

11. The directrix of a conical surface being a drde parallel to 
the pl^e of 47^3 ^d the equation to the surface ; the vert;^ being 
suppofied to l^ in the origin of the co-ordinates. 

12. Find the ratio of the axeq of a pro^te hemi^heroid such 
that when placed with its vertex on a horizontal plane, its equili- 
bxium may be that of indiflbrence, 



IS. A given beam of uniform thickness rests with one of its ex^ 
Iremities in a given hemisphere, and the other against a vertical plane 
touching the hemi^ihe>0, find ihe position of equilibrium* 

14. A body acted on by gravity slides dawn the curve of a ver- 
tical elliptic quadrant ; determine its motion and the point where it 
leaves the curve. 

1 5. Find the moment of inertia of a regulav baxagon relferred to 
an axis passing through ona of its angular points and perpendicular 
to its plane, and find the time of one of its small oscillations. 

16. A cylinder is filled witl^ two. fluids of different specific gra- 
vity which do not mix ; find the pressure upon a section inclined at 
a given an^^e to the bori^n, one half of which is in the upper fluid 
and the other in the lower. 

17. If each paiticle of 9 fluid mass be attracted to a centre of 
force varying as the distance, and al8<T by a given constant force act- 
^g in parallel lines ; find the form which the mass will attsume if a 
motion of rotation be given to it about an axis passing through the 
centre of force and parallel to the direction qf the constant force. 

. 1 8. Find the time of emptying a given cylinder inclined at a 
given angle to the horijEon through a small orifice in its lowest 
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19, P^temwe ^nalyticaUj ^xA geooietnc^y in wliat point of a 

giv^n straight liae^ another straight line given in magnitude and 
ppiiUon w?U ftpipe^ the greatest. 

9Qi H^^njB gi^epi th« tltitv^Qof the Sup wiof the violet coliiur 
in the ]^?vnw9 |iiiQl>ow> fixA tho r»|io of the mw cS inddonoe find 

refraction. 

91. Iin4 1}}9 liititu4« of tli« pl«pe (tf 9|)^^n^tipn fnun ihcrfollow- , 
ipg 4<>^' .^- P^ altitndq m^ declination of th^ Snn* »n4 th^ ^^ 

x)f the azimuth and hour-angle. 

22. Explain tb« ster^graphi^^ orthogn^l^ ipd Mqroator^ prp« 
jeetion of the sphere^ and shew that the stereographic projection of 
everj drcle of the sphere is a circle^ and £nd its diameter. 

2S. The particles composing the sideft of i^ plane tn^gte dttiact 
with forces varying as the distance ; find the prbit described l^y a 
body projected from any point within the triangle with a given 
velocity (ind in ft gi^®^ direction. , 

24. A body is placed in the cmtm of a hemiq^haiical shelly the 

particles of whidi attract with forces varying ^jy^) find the motion 

of the body. 

28. Pind the anf^e between the apsides when force ot * ^ y : * ■■ » 
X heing the radius vector. 



QUBBN'S COLLEGE, Jvhm l^p. 

1. Shew that 

1 1 



(a - 6)(a — c){x + a) (ar - b){b - c)(a? +" b) 
1 1 



+ 



(a - cXb - c)(» + c) ■* (j? 4- a)(ap + *)(* + c) 



2. Through the point c^ intersection D pf two striiigbt line« 
drawn from two angles of a triangle to bisect the opposite sidesi a 
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itrai^t line EDFG is made to pass, meeting two sides in E and F 

11 1 

and the remaining side produced in G: prove that yjyi— jr^ = j^ff 

S. Find the sum of the present values of an infinite number of 
annuities of il£^ to commence at the end of 1,2, 3, &c. years re* 
spectively^ and to continue for ever> at a given rate per cent. 

4. If a, b, c, d; A, B, C, D he the sides and angles of any 
quadrilateral figure, taken in order, and 2Sssa + b + c + d; 
it is required to prove that 

(area)* « (S -• a)(^ - b){S - c){S '^d)'-^abod cos.»<^^. 

5. PSp, QCq are any two parallel straight lines drawn through 
the focus ^S' and the centre C of an ellipse to meet the periphery : 
shew that SP.Spl CQ.Cq :: BC« : AC*. 

6. Two bodies begin at the same time to descend from the top 
of two given indined planes having a common altitude : prove that 
the line which joins them is always parallel to itself: find also its 
inclination to the hori2onj and its velocity at any time. 

7. Fixid the position of a luminous point in the same plane with 
the centres of three given spheres, so that the sum of their illuminated 
surfaces may be the greatest possible. 

8. A cone with its vertex downwards is half filled witl^ a fiuid 
whose specific gravity is s : required the specific gravity of another 
fluid with which the vessel being filled up, the pressure of the 
mixture upon the whole surface will have a given ratio to its 
weight. 

9. Let jS*., S^ &c., S^ denote the sums of the nth, (2ft) th; &c, 
(|m)th powers of the roots of the equation x* — L = ; then will 

equired a proof. 

10. If the velocities of light in different media be unequal but 
uniform, prove that the time of its passage between two points 
situated in difierent media separated by a plane surface, will be the 
least possible when the cosines of the indinations of its courses to 
the common suzfiM^ are as the velocities. 
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I 

1 1 . Find the conic section to which the equation 

(ar + 3^)2-2c(a:-5^)==2cS 
helongs^ and determine the positions of its principal axis and focus* 

1 2. Trace the curve whose equation is ^' s= ax* — ar* ; determine 
its asymptote and the natures and positions of its singular points. 

Id. If the sum of the angles of a spherical triangle be equal td 
three right angles^ it is required to prove that 

co8.i(6 + c) cos.i(^ — g) 
(sm.^6 sm.Jc)^ 

14. A body describes a cycloid by means of a force acting "pet* 
pendicularly to^ts base : prove that corresponding to the arc of the 
generating circle^ the force, velocity, and time from the vettex^ are 

respectively as. sec*^-, sec.-, and + sin.d; and find their actual 

f 

values when the intensity of the force at the highest point is repre- 
sented by fu 

. 15. If m be the number of plane angles forming each solid angle, 
and It be the number of sides of each plane face, of a regular poly- 
hedron ; prove iihat — |- ^ must be greater than ^, and thence 

971 n 

determine the number of the Platonic bodies. 

X 

16. Integrate — , and by means of the integral find the sum of 

2 3 4 
n terms of the series - + t + ~; + ^c. ; also in infinituni, when 

c c^ fr 

possible : and shew that 

(13 — 1) + (2^ - 2) + (33 — 3) + &c. to n terms = ^-J-Cw* - «> 

17. If L, I, K, k, be the true latitudes and longitudes of the 
Moon and a fixed star, and D their angular distance from each other, 
prove that 

8in.2~- == sin.* — h COS.L cos./ sin.2— - — ; 

2 2 2 

and adapt the formula to logarithmic computation. 
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] 8. Integrate 

(x* -f l)xdx dx xdx 

and 



ar* + a:2 + 1 i f f ' 

a:*(flP + a:*)" (a — ar) (a + x) 

find also I I j between the limits of a: = and jr = 1 ; 

and determine the relation of x and y in the equation 

(a + x)*rfy + (ft -5r) -/(« + a:)da: = (ft —y)^dx. 

19. If a body describe an ellipse about the focu8> find the efi*ect 
produced upon the axis major by a small alteration in the intensity 
of the force at any given pointy and the consequent motion of the 
apsides. 

20. In a revolving fluid spheroid wherein gravity is everywhere 
perpendicular to the surface, prove that 

the sensible gravity at the latitude / =» g / z ^ .. > 

g being the polar gravity, and e the eccentricity of the spheroid. 

21. If the Sun and Moon be in the equator, and the Moon in 
octants, 

the angular distance of high water from the Moon as Icoe.*" ' ^ ^^ 9 

and the whole magnitude of the tide produced =s ^/{M' + S^) : 
required a proof. 

22. Find the radii of greatest and least curvature at any point 
of an ellipsoid, and ako the radius of curvatirre of a section through 
the axis of z making an angle with the plane of yz. 

23. Apply the Calculus of Variations to determine |he nature of 
the curve which joining two given points shall be described in the 
least time possible by a body whose velocity, varies as its distance 
from a third point given in position. 

24. The Earth being considered a spheroid of small eccentricity, 
prove that the effect of the Sun upon the matter exterior to the 
inscribed sphere, to turn the sphere about its centre, is the same as 
upon ^th part of the protuberant matter collected at the equator. 
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QUEEN'S COLLEGE, May 1830. 

1. Extract the fifth root of the binomial 76 + 4t^*/S. 

2. Reduces^— 1 -f 5^/— 1 to the fonn of a±/S V — 1. 

3. Detennine the quantity which multiplied into 4/3 -f ij^ will 
make it rational. 

4. If i^he expansion of ( 1 + x)*", K and L be any two conse- 
cutive coefficients; prove that the coefficients after L will be 

X.(m + 2) + L' Jfir.(»i + 2)+L'X.(7ii+3) + 2L' 

&c. 

5. There is a series of numbers, each of which when divided by 
p, 2p, 3p, &c. in succession, gives remainders p— 1, 2p — 1, 3p— 1, 
&c respectively ; find the sum of it terms of this series, beginning 
with the least. 

6. There are two light-houses, the position and the magnitude of 
whose lights are known ; find the path which a vessel must describe 
so that the quantities of light it receives from each may always be 
in the same ratio. 

?• A given sector of a circle is immersed iii a fluid, with its axis 
vertical, and its vertex coincident with the surface : divide it by a 
horizontal line into two parts which shall sustain equal pressures. 

8. Compare the times of emptying the upper half of a parabo- 
loid whose axis is horizontal, through a small orifice in its vertex, 
with that of emptying the lower half through a small orifice in its 
lowest point. 

9. A chain fastened by two tacks in the same horizontal line, 
forms itself into a common parabola ; find the law of its thickness. 

10. When one curve surface rests upon another, shew under 
what circumstances the equilibrium is stable, unstable, and indiffer- 
ent; and when one paraboloid of revolution, cut off by a plane perpen- 
dicular to its axis, rests with its vertex upon that of another of equal 
parameter^ the axis of both being vertical ; find the length of the 
axis of the upper paraboloid so that the the equilibrium may be that 
of indifierencCb 

Q 2 
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11. A unif(7rm beam is connected at one of its extremities by a 
hingc^ to a horizontal rod^ which is at liberty to move in a horizontal 
plane about a given point ; find fhe velocity of revolution, so that 
the beam may rest inclined at a given angle to the rod. 

12. A body acted on by gravity slides down the convex side of 
a vertical elliptic quadrant ; find the point at which it wQl leave 
the curve, and also the point at which it will strike the horizontal 
plane. 

13. A small ring slides down a straight rod, while the rod 
de8cribe» a conical surface, with a uniform velocity ; find the path 
described by the ring and the time of moving down at a given 
length. 

14. Find the density of the air at any point below the Earth's 
surface, the temperature being supposed the same, and the force of 
gravity varying as the distance ; and explain the nature of the cor« 
rection to be applied if the temperature vary. 

15. Two stars are observed to rise at the same time in a given 
latitude, and when one has reached the prime vertical the dthet is 
observed to be on the six- o'clock hour line ; having given the right 
ascension and declination of the one, find the right ascension and de-^ 
clination of the other. 

16. Find the equation to the orbit described, the angle betv^een 
the apsides, and the points in which the orbit intersects itself, when 
a body is projected about a given centre of force, varying as 

-j^ + -j^' with a velocity due to a finite space. 

17. Apply the differential equations of motion to determine the 
time of vibration of a chord of given length (a) stretched by a given 
weighty the equation to the initial curve being 

y z=m .sin.-, x; 

and shew that it is the same as that determined from the general 
equation of vibrating chords. 

18. Find generally the content of a solid polyhedron, and apply 
the expression to a dodecahedron. 
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19. Integrate ; — r^ > and shew the use of integration 

in .determining the mean annual motion of the Moon's nodes. 

20. In the expansion of e* determine the coefficient of x*, 

21. Prove that 

^ , «.cos.fl .«.(«—!) ^^ „ ^/ 6\" »0 

1 A ; h — --- — ^.cos.20 + &c. = 2« (cos.- J . cos. 77 ; 

11.2 \ 2/ 2 

and that sin.d sin.Sfi.. &c. sin.(2« -f 1 ) . d = — 

if (2a+l).fl=|i 
find also the sum of the series 

1 4 2 cos.fi + 3 . cos.2d + &c. to n terms- 

22. Integrate the following equations of differences : 

(1). Wx + 2 — a*Mar = a?3. 
(2). tta;+ 1 — fl^War = 0. 

23. Apply Lagrange's theorem to determine y from the equation 

. 24. Find the curve surface in which the distance of any point 
measured along the normal from the plane of x and z> is equal to m 
times the distance of the same point from the plane of y and z, 
measured along the same line. 



CAIUS COLLEGE, Dec 1828. 

1. Find the time in which a circular basin, half a mile in diame- 
ter, and 10 feet deep, will be half emptied through a flood-gate 15 
feet wide. 

2. A candle is placed on a circular table ; find the nature of its 
shadow on the floor. 

3. Find the inclination of that diameter of a circle to the 
horizon, the time through which = 2 time down the vertical 
diameter. 
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4. Explain the principle on which achromatic telescopes are con- 
structed. 

5. A perfectly elastic ball is projected at a given angle, from a 
given point in an horizontal plane, and after rebounding, strikes a 
given object ; find the velocity of projetttion. 

6. Determine the length of that chord of a circle pasdng through 
the lowest point, down which a body acquires -^th of the velocity in 
falling down the diameter. 

7. The specific gravity of air being a, and that of water unity : 
if J^ be the weight of a body in air, and JfTj in water, prove that ita 

weight in vacuo = W+ -r-^— .(W^ fV.). 

1 — a * 

8. Explain the method of measuring altitudes by means of the 
barometer and thermometer. 

9. If two weights acting upon a wheel and axle without weight 
put the machine in motion, find the pressure on the axis. 

10. Find the distance of the point of suspension from the centre 
of a given sphere, that the time of oscillation may be a minimum. 

1 1. Find the image of the arc of a circle placed before a double 
convex lens, and not concentric with it. 

12. Find the time of oscillation of a body in a cydoid, in a me« 
dium whose resistance is constant. 

IS. The radii and distance of the centres of two side wheels of a 
coach being given, a particle driven from the highest point of the 
hind wheel falls on the highest point of the fore wheel: what isiihe, 
velocity of the coach ? 

14. The specific gravity of gold is 18000, of silver 1 1000, of air 
1^; the radius of the Earth is 4000 mOeS, the height of an fiomoge- 
neous atmosphere 5 J miles, and the whole weight of the atmosphere 
is equal to the weight of a sphere composed of a mixture of gold and 
silver whose diameter is 55 miles : required the proportion of gold to 
silver. 
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CAIUS COLLEGE, Dbc. 1828. 

L If / be the length of a straight line, drawn from the vertex C 
of a triangle l)isecting the base (2c) ; shew that the area of the tri-> 

angle = — - — • tan.C. 

2. Prove that 
sin.30 = ^ . {(1 - V3) . >/(5 -f >/5) + (1 + >/3) . >/(3 - V5)}, 

3« Draw through a given point in the diameter of a circle a chord 
which shall form with the lines joining its extremities with either 
extremity of the diameter, the greatest possible triangle. 

4. Eliminate a and b from the equations ax^ + hy^ == ao; 4- by, 

ax^ + 6y* = bz . (^— a?). 

5. Solve the equation (9+5 >/3) . a?^ 4. (15+7 n/3) . a:+6 =Q, 
and exhibit the roots under the form of binomial surds. 

6. Sum 4^ + 2' + P + to n terms. 

1.2+4.5 + 7.8+ 

5-3+3.1-1.1 + 1.3+ 3.5 

7. Find by the method of continued fractions, a series of fractions 
converging to >/ ( 1 7 ) . 

8. Sum the series 

(cos.a+ i/ — 1 .sin.a) + (cos.a+ /^ — 1 . sin.a)*+ • to » terms, 

and thence deduce the sums of 

cos.a + cos.2a+ ••• and sin.a + sin.2a + •••••• to n terms. ' 

9* A person having a capital of £a, spends annually a sum b, 
greater than the interest of his capital : in how many years will it 
be exhausted? 

10. Find the value of 8in.a; in the equation 

sin.(x — a) s= sin.(x — 2a). 
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1 1. Find whole positive values of x and y in the equation 

6ar — 5y = 1, 
and find the sum of the first twenty values of ^. 

12. One thousand pounds is invested in the three per cent consols 
at 63 per cent, and sold out afterwards at 64 : required the sum 
^dned hy the speculation. 

13. If squares he descrihed on the sides of any triangle and the 
angular points of the squares he joined ; the sum of the squares of 
the sides of the hexagonal figure thus formed is equal to four times 
the sum of the squares of the sides of the triangle. 

14*. If all the angular points of a regular polygon of n tides be 
joined^ and r he the radius of the circumscribing circle ; the sura of 
all lines, including the periphery of the polygon^ is equal to 

V 

nrcot.TT' 
2n 

15. If from a given point straight lipes he drawn cutting an 
ellipse, the locus of the middle points of the chords is an ellipse 
^milar to th^ given ellipse. 



FOR SCHOLARSHIPS. 

BELL'S SCHOLARSHIP, 1826. 

9 

1. Required the charge on £573. I85. 6\d. at 12| per cent. 

2. After deducting a charge of. .8| per cent, on a certain sum^ 
and then a charge of 6^ per cent, on the remainder^ the result is 
£,,256, \5s. Required the original sum. 

3. Reduce 13j. 7^^. to the decimal of a pound : also -^ of a 
shilling to the decimal of a crown. 

4^ Two clocks point to XII at the same instant; one of them 
gains 7'^ and the other loses 6^^ in 12 hours: after what interval 
will one have gained half an hour of the other? and what o'clock^ 
exactly^ will each then shew ? 

5. If two angles of a triangle be equals shew that the sides sub- 
tending them are also equal. 

6. Prove that^ in a right-angled triangle^ the square on the side 
subtending the right angle^ is equal to the square on the sides con- 
taining the right angle. 

7. If a straight line be divided into two equa]^ and also into two 
unequal parts, prove that the squares of the two unequal parts are, 
together, double of the square of half the line, and of the square of 
the line between the points of section. 

8. If a straight line touch a circle, and, from the point of con- 
tact, a straight line be drawn cutting the circle, shew that the angles 
made by those lines will be equal to the angles in the alternate 
segments of the circle. 

9. Demonstrate the proposition usually cited Ex asquo* [Euclid, 
Book 5, Prop. 22.] 

10. Shew that the equiangular parallelograms have to one 
another the ratio compounded of the ratios of their sides. 
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11. Prove tliat two straight lines^ which are each of them paral« 
lel to the same straight lines^ and not in the same plane with it^ are 
parallel to each other. 

12. From a given point fvUhout a circle^ draw a straight line 
which will cut off a quadrantal arc of the drcle. 

13. In a right-angled triangle^ a and b are the sides containing 
the right angle^ and c the side subtending it : prove that the radius 
of its inscribed circle =: J (a + 6 — c). 

14.. Multiply 

«•-» 4. ^'•-sm^M j^ a«-s«62«... 4. fl|i»ft»-2» + IjT^ by a* — 6*. 

AUK, shew that ^^^1+41^ = 8 + W15. 

1 5» Solve the following equations : 

(1). a+X'-' 4/{a + or) = o — a; y/(a — x); 



(4) 






(5). f a;2 4. f X = I ; (shew that x = '6689). 

16. The difference between two numbers is 2^, and their arith- 
metic mean exceeds their geometric mean by 6 : required the 
numbers. 

It. Prove that 

, , m (m — 1 ) „ __^ 
(x 4- a)* = as* + maa^^ 4 ;t a^x**^ + «c. ; 

jasA shew that if the ^th term of the series be multiplied by 

m — (n — I ) a 



• — > 



It a; 

the product will be the (» + 1 )th term. 
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18. If N=snX lO^, shew in what respect the logarithms of 
N and ft will differ ; and having given the logarithm of 2*651 
(=^ 0.4234079), state the logarithms of 2651, and of -002651. 

19. Find the sum of the successive mean proportionals between 
a, ar; ar, ar* ; ar^, ar^ ; ar^, ar^; ar*, at^ ; ••• ar""^, at*"*; 

Also sum the following progressions : 

2|. + 3 J + 4^ + &c to«27 terms. 

20. Find an equation, each of whose roots is less by three, than 
the corresponding root of the equation x' — 15j:* + 71a: — 105=0; 
and from thence determine the roots of the given equation. 

21 . In an oblique-angled triangle, having given two sides a and b, 
and B the angle subtending 6, state the logarithmic computation for 
finding A, the angle opposite to a. Explain also why, in some 
cases, j4 will have two values, in others only one. 

22. Treatises of Trigonometry usually give two methods of find- 
ing the angles of a plane triangle, from the sides. Describe the two 
processes ; and prove the leading proposition on which each method 
depends. 

23. Prove that sin.Ja = >/(-Jr* — |r cos.a)y 

and that cos. J a =^ \/(J^* + i^ cos.a) ; 
also from the first expression, find the sin.22^, 30^; and from the 
second, the cos. 15^. 

24» Shew that, in the equilibrium of two weights, acting per« 
pendicularly to the arms of a straight lever, the weights are reci- 
procally proportional to their distances from the fulcrum. 

25. Prove that, if a body be moved from rest by the action of an 
uniform force, the space described will vary as the square of the 
time. 

26. P and Q are connected by a string passing over the top of 
an inclined plane : P, descending down the altitude, draws Q up the 
plane : given the length and inclination of the plane, find the time 
of Q's ascent to the top of the plane, and the velocity acquired. 
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27. A. clock loses a second every hour ; required the alteration to 
he made in the pendulum ; the length of the true seconds' pendulum 
heing 39*2 inches. 

28. Given the velocity and direction of projection of a body^ to 
find the horizontal range^ the time of flighty and the greatest alti- 
tude. 

29. Shew that^ if circles he uniformly described by bodies acted 

F* R 

upon by forces in the center s, those forces vary as •=> and also as p^* 

30. Prove that^ if a body describe a circle uniformly^ the arc 
described in any time is a mean proportional between the diameter of 
the circle, and the space which the body would fall through in the 
same time, if acted upon by the force which retains the body in the 
circle. 



TRINITY COLLEGE, 1820. 

1. Find the value of £.3*869, and 365'24?215 days. 

■ square root of 0*676, and 6*76. 

■ amount of f , J, ■^, 25-^. 

2. If twenty men, in digging a canal, must pump out six tons of 
water daily, in order to excavate 1 60 cubic yards in a wedc, how 
many cubic yards can thirty men excavate in a week, supposing them 
to be obliged to pump out eight tons of water daily } 

3. If iS denote the sum of the even terms, and i^ the sum of the 
odd termSji of the expansion of (rt + 6)"; then S^ ~ S'^ = (a^^b^Y. 

6 2 
. 4. Solve the equations, — —r: + - = 3 (A) 

ar^ — 12a; + 6 = {B) 

vpS-. 2x2 - 13a; + 20 = ...... (C) 

, a:4 — 4a:3\^ 5a,ft — 4a: + 1 = (D) 

5. Find the roots of an equation of this form by construction^ 
viz. x^ — 3r2a: — qf = 0. 

G, Compute the numerical value of the side of a regular decagon 
inscribed in a circle, whose radius is ten inches. 
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7. The three angles of a plane triangle being given, and the dis- 
tances of the three angular points from a given point within the tri- 
anglesj to find the sides. 

8. The complement of the hypothenuse of a right«angled sphe^ 
rical triangle cannot exceed the complement of either of tlie other 

sides. 

» 

9. If about the three angular points of a spherical triangle three 
great circles be described^ the triangle formed by these latter will 
have its sides measures of the angles of the original triangle^ or of 
the supplements of those angles. 

] 0« In a given parabola^ to draw a diameter which shall make 
with its ordinates an angle equal to a given rectilineal angle. 

1 1 • Two vertical straight lines being given, to place them at 
such a distance asunder in the same horizontal plane, that a heavy 
body shall be as long in falling down the greater, and then moving 
with its acquired velocity to the less, as it would be in falling 
down the less vertical, and moving with its acquired velocity to the 
peater. 

12. When a radiant sphere shines upon an opake sphere, the 
breadth of the illuminating portion of the former has for its mes^ 
sure the same number of degrees as the dark portion of the latter. 

IS. The distance being given to which a fluid spouts from a giveit 
orifice in the side of a cylindrical vessel, to find by a geometrical con- 
struction the height of the fluid's surface in the vessel. 

14. The right ascensions and declinations of three stars being 
given, and the times between their passages over the same vertical 
wire of a telescope, to find the latitude of the place ; one of the star9 
being supposed in the equator. 

15. The altitude of the Sun when due west, and also at six 
o'clock P.M. being given, find the latitude and Sun's declination. 

16. Having the focus of incident rays upon a medium terminated 
by two plane sides inclined at a given angle, find the focus of 
emergent rays. 

17. The exact quantity of the year being 365*24215 days, 
explain the reason of the corrections in the civil year introduced by 
Julius CflBsar and Pope Gregory. 
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18. Give tbe theory of the Trade Winds. 

19. Prove that part of the equation of time which arises from 
the obliquity of the ecliptic to be a maximum when the longitude of 
the Sun equals the complement of its right ascension. 

20. Compare the surface of a sphere with the area of its great 
circle^ and its magnitude with that of its circumscribing cylinder. 



TRINITY COLLEGE, 1821. 

1. To find the locus of the extremities of all the straight lines 
that can be drawn from the circumference of a given circle, toward 
the same parts, each of them equal and parallel to a given finite 
straight line. 

2. To find the centre of a given ellipse. 

S. To construct the curve of which the equation is 

ax^ + aif^ + bx + (y + d^ 0. 

4. If the product of any two given numbers be a square, each of 
the two given numbers is the product of two factors, such that the 
four factors are proportionals. 

5. Solve the following equations : 

,^ 12 + 2a:,4x-.3 4x^-1 ^ 



T 



(2). a * — b'-P X c** =5 0. 

(3). 2ar^ + a: -f ^ — 195 = 0, (to find the integral values 
of X and^). 

^^ ( y* ~ SOOy - 125* = J 

6. If none of the coefficients of the equation 

a;" + ax*^^ 4- bx*"^ + &c + g = 
be fractional, it cannot have a fractional root. 
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7. To compare the chance of throwing T, with the chance of 
throwing 8^ at one throw^ with three common dice. 

8. Sum the following series . 

(1). 1 + 3 + 27 + 64. + &c: to « terms. 

(2). i+i + ^+tf + &c; adinfinitum. 

(^>- r^^ + aTsTTs + sTT^ 

9. (1). Find the fluent of ^^^^^ ^ ^^^ .(6^.^ ,3)} > 

of ' 



z heing a circular arch^ of which x is the cosine^ and v the tangent ; 



and of 



a?'* 



a + hx'^ 
(2). Solve the fluxional equation ay* — yxy — "^ » = 0. 



10. If il -t. B he less than a semicircle^ 

. A'^^B ver. sin.il '^ ver. sin.i? . ^i . . A + B 
sm. — :; — : -T : : rad. : sm. — :; — • 



11. If P he put for the semi-perimeter of a spherical triangle, 
the sides of which are denoted hy a, h, c, and the opposite angles* 
hy A, B, C, 

„ , . sin.P 8in.(P — a) 

COS.* hA = ; — =—; • 

^ sin.^ sin.c 

12. The upper extremity of an inclined plane heing. given^ to* 
determine its position^ so that the time shall he a minimum, in 
which a hody falls down it, and afterwards moves to a given point in 
the horizontal plane, with that part of its acquired velocity, which is 
not destroyed hy its impact on the horizontal plane. 

13. A given sphere, and its circumscrihing cylinder, of the same 
uniform density, heing supposed to revolve round their axes, with 
equal angular velocities, to compare their momenta* 
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14. A hollow sphere is to he formed of a 8u1)Staiice, the specific 
grayity of which is greater than that of air^ in the ratio of n to I^ 
and is afterwards to he filled with gas^ the specific gravity of which 
is less than that of air^ in the ratio of 1 to m ; the thickness of the 
shell heing given^ to find its diameter so that it tni^ float in the air. 

15. To descrihe the construction, and determine the magnifying 
power of a Compound Microscope. 

16. To descrihe the construction of an Achromatic Lens^ and 
explain the reasons of that construction. 

17. To determine the Sun's parallax, from ohservations made on 
the transit of Venus. 

18. The times of a star's transit over the meridian, and over two 
vertical circles at given distances frem the meridian, having heen 
ohserved, to compute the latitude of the place of ohservation, iii 
terms of the azimuths, and hour- angles thus given. 

19. To determine under what circumstances of the velocity of 
projection, a hody, projected from a given point, in a given direc- 
tion, and acted upon hy a force inversely proportional to the ffith 
power of the distance from the centre, will come to the centre, or to 
an apse. 

20. If a hody, acted upon hy the constant force of gravity, fall 
down the CDncave side of a circular arch, the tangent of which, 
where the hody hegins to fall, is perpendicular to the horizon, to 
£nd the point where the pressure on the curve shall he equal to an 
nth part of the weight of the hody. 



TRINITY COLLEGE, 1827. 

1. Parallelloorams upon the same hase, and hetween the 
same parallels, are equal to one another. 

2. If a straight line he divided in extreme and mean rate, the 
parts into which it is divided are incommensurahle with each other. 

3. If Slbs of tea be worth 4lbs of coffee, and 61bs of coffee be 
worth 201bs of sugar, how many pounds of sugar may he had for 
91bs of tea ? 
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• ar + 2 a; — 2 1 " 

4. Solve the equauon __ + -^ = 5 + ^^-^. 

5* Supposing ./ 8 I rgN = ^508.9, it i$ required to shew that 

6« Prove that Aa.{A + JS) s sin.il • co&J? + cos.^^. dn. J?. 

7. Given the Napierian logarithm of 4 as 1*3868^ it is required 
to assign the Napierian logarithm of 5 to 4 places of decimals. 

8. Find the locus of the vertex of a ^^^. where one of the 
angles at the hase is always double of the other. 

9. Investigate the differential equation of the tangent of a curve. 

10. Integrate the following differentials : 

dx 

^ cos.ar 
, 9,ydx 2xdy 



1 1 . The sum of the squares of any two semi-conjugate diameters 
of an ellipse is equal to the sum of the squares of the two semi- 
axes. 

12. The area of a spherical y^ is proportional to the excess of the 
sum of its angles above two right angles. 

IS. In any lever, the two forces required to keep it at rest, are 
inversely as the perpendiculars from the fulcrum upon their direc- 
tions, " The principles and propositions, whether assumed or proved, 
which are made use of in demonstrating this proposition, are required 
to be distinctly stated.'* 

14. A cylinder of given height and radius, whose lower half is 
iron and upper half wood, is placed with its base upon an inclined 
plane, what must be the proportion between the friction and pressure 
as well as the inclination of the plane, so that it may just be pre- 
vented f^m sliding im4 fsUing^ over f 

n 
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15. If « be |he sjpce, t (be t^ne^ an^/the force, then 

16. The force which accelerates th^ def^t of a body in a 
cydqid, is proportioi:)^ to the distance from the lowest points ; prove 
thisx and shew that the time of oscillation Is the same both in great 
and small arcs. 



r4 • ♦ 



17. Find the law of force, by which a body may describe a circle, 
ib^ fc^nse tending to an eecentm point j detecmipe likewise, ftom the 
requisite data, thp periodic time. 

\^' If ? Ml \^, PJ^ect^fl ftgifl ^ny poiijt yilfe I given felqdty 
and attracted to a cenfrp 9f fof c^, i(8 ydppitjr a| ^py gf^SF &^^. fe 
tance froip the centre is independent pf the direction of projection. 

19. In ellipses of small eccentricity, the greatest equation of the 
centre is nearly equal to twice the eccentricity. 

20. An inflexible and jmpon^erable ro^, to which two equal 
weights are attached, is fixed to a given point, round which it 
vibrates ; find the time of its making ^ small oscillation. 

21 . Find the focal length of a double concave lens. 

22. In the modem construction of the Newtonian telescope, the 
small mirror is replaced by a prism ; explain the principle and advan- 
tA|Bp9 qf %\\i §Hl)fti|tH!,iQn. 

as. The watei: in « plep^4r4> wbo^Q iiirm i« a folid of reTidution 
round a vertical axis, descends through equal spaces in equal times i 

24. Is the Sun's place affected by ^l^^tiof) I 

85, An iron globp 4eW?*fl« W water ; find ^^Bies»pi|ft for the 
vehwty ftcqpire4, and ^b§ sp^pp 4<$8pribe4 in % g|y«n tim# t^m ifcP 

beginning of tb§ iRPtion; 

26. If the equations of two planes be 

Ax + By -k- Cr=: 1, 

flx + 6y 4- cr = 1 ; 

tl^eQ tl^e c^ne of tb^ apgle between them is 
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TRINITY SCHOLARSHIPS, April 1828. 

1. Equiangular CD1 lire |;o eaqh other ip ^he r^tip cpi|)];|ppT^^ed 
of the ratios of the sides. [Euclid 23, Book 6.] 

2. Construct a regular tetf^^ron, iind pomppt^ the a|)gk formed 
hy two adjacent surfaces. 

3. What is the discount of £70. 5s. 6d, due 7 months hence 
interest heing allowed at 4| per cent ? 

/ nrP ^X im><(^^tf + ^J 
I Discount = ,-- — : SB 7- 

i + AXjpQ 

2463 - t* X Wt^ 

4v Assigii the values of x in the equation 

sin.(a; + a) = sin.l[a;^ a). 

fExpanding the functions of binomial angles^ we get 

2c98.d?.si?\.a B= Q; 

•>• COS.X as ; 
AT flf V 4_V \ 

/. jc s= '-t 3 • — 5 • -« 7-? &c 1 
rf r"^2' 3 ^'2- *J^ • / 

5. Find integral ^T\d positive values of x in t;he equation 

7x + 17y = 172. 

6* Ey§Fl ^ilQtlpn bfts qsi m^f^f ebangft^ of sign from + tp r-, 

or from -' to -f, as it )iaj3 pos|tiv^ an4 ppssiblp ropts> andas ip^nj 
continuations of sign^ from + to +« pr fr^m r:? to — « as it ba^ 
negative and possible roots. 

7; P^pWn t^§ f9p4g of tiAYirformlpg the equatioa of ^ curv^ 
from one system of co-ordinates to anqlher* Mid fipfdy the formula to 

B 2 



344 BXAMINATION PAPERS [7Wn% 

tranflform the equation ^^ = 2ax + a^^ to a system of rectangular 
co-ordinates, making angles of 45® with the former, and the co- 
ordinates of whose origin are and — a respectively. 

8. Investigate the differential expression for finding the length 
of a curve, and apply it to find the length of the cycloid. 



dx s^dx _ dx . 

and ; 

cos.a: 



^ - ax z-ax 

9. Integrate ^^^^f^,' ^(2ax - ««)' 



and find the sum of 

+ ^7 + 9^1+*'^ 

10. Find the equation of the curved surface traced out by one of 
the angles of a square, in constant contact with a spherical surface, 
without sliding upon its surface. 

11. Find the centre of gravity of two or more bodies considered 
as material points. 

12. A perfectly elastic ball let fall from the top of a tower meets 
another at half the height, of twice its weight, and which was pro- 
jected upwards from the bottom at the same time ; what are their 
motions after collision, and when will they reach the ground ? 

IS. What is meant by the centre of percussbn, and how is it 
found ? 

14. A double convex lens is placed at a given distance from a 
screen : to determine the position of the object, so that the image 
may fall upon the screen ; is this always possible ? 

15. State the order of the colors in the primary and secondary 
rainbows, and the reason of their being the inverse of each other. 

16. Determine the greatest height to which water can be raised 
by the common pump. 

17. Investigate the precession of a star in right ascension. 
• 

18. The equation of time is Zero four times in the year, and at 

very unequal intervals of time. 

• 

19. Find the law of force to the focus of the logarithmic spiral, 
and find an expression for the whole time of descent, from a eiveq 
4iiti^noe| to the centre of fdtce, 
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20. A body is projected from a . given point in a given direction 
with a given velocity^ and is repelled from a given point by a force 
varying as the distance : determine the orbit described. 

21. An iron ball descends in a fluid: what is the limit of its 
velocity ? 

22. The Moon is retained in her orbit by the force of gravity. 

23. Give the moment of inertion round any axis passing through 
the centre of gravity of a body^ to find the moment round any other 
axis parallel to the former. 

24*. If d and d be the lengths of a degree of the meridian at the 
equator^ and at latitude X respectively^ and a and h the equatorial 
and polar diameters^ then 

a sin.X 



y I i$f - -» 



25. To find the nature of the curve when the normal bears a con- 

» 

stant ratio to the part of the axis intercepted between the origin and 
the normal. 



TRINITY COLLEGE, 1829. 

1 . Equiangular d7* have to one another the ratio which is 
compounded of the ratios of their sides. 

2. If two straight lines be X ^ the same plane^ they are || to 
one another. . 

3. Required the value of the Metre of France in terms of the, 
foot of Cremona ; if 48 feet of Cremona :&=: 56 English feet and the 
metre = 39-371 English inches. 



4f. Solve the equations 

(/5). 1 — sin.a = 2 sin.^f jc — ^J 



(y). na?* + 4a:^ — 6«jr2 + 4i: + n = 0. 
(>). Ua? + 5^ = 100. 

5. Prove that 

.1 ^ • « o . ^ + B A^b , 
8m.il + sin.5 = 2 sin. cos. — 5 — » 

and aliso that c^*^"' = cos.S -f V'— 1 • sin.B. 

6. Small spherical ^^' may be considered rectilinear, without 
sensible error. 

7. The roots of the reducing cubic equation in Des Cartes' solu- 
tion of a Di<][uadratic are quadruple of the roots of the reducing cubic 
equation in £luclid*s ^lution. 

8. Determine the position of the centre and axes of tHe ellipse 
represented by the equation 

ity + c«« + 1>^ + £i + -F = <i 

all the coefficients being supposed positive. 

9. Investigate the dinerential expression for the radius of the 
of curvature. 

What are the analytical and what the geometrical properties of the 
(^ curvature, and how are they dependent upon each other. 

10. Integrate 

(from 0? e=0 to 1) and 



' . . . 1. 

in a series which converges rapidly when e is nearly k: I. 

li* Fiiid thb equation of the epicycloid ^heh the radius of ^he 
generating is equal to the radius of the base ; and determine its 
area. 

i2. Ih the game of whist Whftt is ihe chance of the dealer hav- 
ing the four aces ? 

IS. In the lever the velocity of the weight is to the velocity of 
the power as the power is to the weight. 

14«* Prove that v = 3-; atid /=-77* 

dt •' dt 

\5. Find the length of a p^ndulttm which Wodld oscillate once 
in the period of a satellite at tke Earth's equatoir- 



16. A ^here rolls dbwri an incUhed plsihe ; fitid ibfe fdtce acbe- 
Matiiig it§ d^giit 

17- When two or more bodies move uniformly in straight lliiKs 
their centre of gravity also moves uiiifbrmly iii a straight line. 

18. The power of a compound lens is the sum of the powers of 
the component lenses. 

19. What is meant bj^ Iht error of cdllitnatiaii in a telescope? 
How is it corrected ? 

20. Find the centre of pressure of a sluice-^te in the form of 
lin iiR»eetes »:x^. #h»§b ball^ coiticMd^ Irich Cite fihrfiice 6f th^ fiuift. 

2 1 . Find the precession of a star in ri^ht SSf6^hkit$h; 

22. What is the greatest number of edtpses of the Sun and 
Moon which can happen in a year ? 

23. To find the law of force to the focns of a logarith^rife spiral. 

24. Let the force oc t^, — — , and let a body be projected in any 

direction from a given pointy with a velbeity kss thaii ttiat ih a at 
the same distance, to determine the orbit described. 

25. The length of a degree JL to the meridian is always greater 
than that of the degree of ffie cbirile^pohding mefidiaii. 

26. At a given pMe> At a gireA hodr, dnd on a ^ven day, re- 
quired the point of the compaflil oii ^hieli a raifabow wtmld appear. 



TRtNITt COLLEtJEi A^kit 1890. 

1. TrianojEiES upon eqdai haJkk ftnd between die e^ame j^aralMs, 
are equal to one another. 

I 

2. Equal parallelograms, which have one angle of one eqtlal to 
one angle of the other, have their sides about the equal angles reci- 
phjbally ^rioportlohal aiid cohver^iy. 

S. Find the radius of a sphere describe about a given regular 
tetrahedron. 

4. Multiply 54i'6 by 8-93 in the cluodecimal scale : and if the 
units in the factors be ftet> es^^fesi^ ilie prodirbi in squ$re yards, feetj 
and inches. 
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5. The sides of a triangle are 17*09 and dS'itSl^ and the angle 
oppodte to the greater of them is 93^.16' : find the ann^e apposite to 
the less. 

log.1709 s 3*2327421, 

bg.93451 = 4-9705840, 
1(^. sin.86^44' ^ 9*9992938, 
log. 8in.lO*.Sl' = 9-2614519, 

6. Explain the theory and use of the columns of .proportional 
parts, in tables of logarithms. 

7* Solve the equations : 

, ^ ax . bx rf * 

(»). ■ ' ' t -4- . =s — — • 

(s\ ^fL. ^-^ - 9^ 

^^^' a: + 2 "* 3a: - 20 "" 13*, 

(y). sin.(a: + a) + C08.(ar + .o)I= 8in.(x — «) + cos-(x — a) 

8. Eliminate x from the two equations 

«* — (2y8 + l)x« + y +^« — 20=0 
«♦ — 2yx« + v« —49 =0. 

9. In a game of pure skiU, if it's skill be to f's as 3 to I, what 
is the chance of A'^ winning 3 games out of 4 ? 

10. Define a differential, and from your definition find the dif« 
f ereutial of a*. 

1 1. Draw a tangent to a cycloid and determine its area. 

12. All parallelograms which circumscribe an ellipse are equal to 
each other. 

13. In what respect are the eurve surfaces represented. by the 
equations 



3'+ (ly- g) - ■- 



(0 



- © - (^' ©*= '■ 
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distmguished from each other ? Find the length of a normal to the 
former, intercq»ted between the surface and any one of its principal 
sections. 

x'^dx dx 



14. Integrate 



(a? + a){x -f 6) v^ {ax + bx^) 
cfdcos.d 



a+ b cos.d 



> 



and the equation 



15. Find the distance of the centre of gravity of any number of 
given bodies from a given plane; the distance of the centre of gravity 
of each body from the plane being given. 

16. If P (5) draws up Q (3) by means of a string passing over 
a fixed pulley, find the force accelerating P's descent and the space 
described in f (10) : the weight of the string and the inertia of the 
paUey being neglected. 

17. Investigate the conditions of the equUibrium upon the screw. 

18. The centres of oscillation and suspension are reciprocal. 

19. Upon what do the magnifying power, brightness, distinct* 
ness, and achromatism of the astronomical telescope depend ? 

20. Find the deviation of a ray passing through a prism, whose 
refracting angle is considerable. 

21. Show how to find the approximate solution of the equation, 
which expresses the relation between the eccentric and the mean 
anomaly. 

22. Find the precession of a star in R. A. : when is it iKero ? 

234 Investigate a formula to express the acceleration of the time 
of rising of a given star by the horizontal refraction. 

24. Prove that the pressure upon any portion of a vessel filled 
with fluid of uniform density, is equal to the weight of a column of 
fluid whose base is the area of the surface pressed, and altitude the 
perpendicular depth of its centre of gravity, below the surface of the 
fluids 



i^ nXAumkaa^ ¥A9i^. [Queen's Gittilhi 

95. ¥m tKe law of fotdt ^btbg in j[)anil61 KnU, Bjr m^ i 
tea J i^^ S^ mvA% id atescHbe I t^^Hiofi of ti cifblb. 

26. A bod J is projected from a given point, in a given oirec- 
tion, with a given velodty above a gi^^ii plane : find the orbit 
described when it ik Irepilled from tne j^atie hf a force varying as its 
distance from it. 

27. Determine the attraction of an bblate sphelroid upon a particle 
situated at its equator. 

28. The Moon b retUiiieJ in hei: inrtilt By the force of gravity. 



s» *" 
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TkmiTY COLLEGE, 181^. 

i . A dROCBB iiai 1 50ll)s. of tea, oi wtiicii lie sold Mbs. at 98. ^r 
pound, and found that he was then gaining only 7^ per cfent. but 
he wisfeed to gaihlb per cent, on the whole. At what rate must 
the remalimig iddltis. be sold that he may attaih bis wishes ? 

2. Solve the following equations : 
(1). a:+^+|*±=20 

(2); a:— S/*s=:3^3f > 
X — »/y SBC 4 — a:« 3 

(3); a:* - 5*3 -f 7x2 — 5a; - B = 0. 

(4). a:*s=:a (l^ approxlmati(»i). 

i. iti what time will a siim of xhoiiey placed it compiiund in- 
teres't douUe itself at 4| per bent. ? 

4. Requirfed the Value oi the Inftriite feries 

^(18 +189) 

4^(18 + 1^9) 

;J^(18 + &c.) 

5. Required the Value of ^ in the foUowing equations, wheii 
x=s 1: 

(l)i ^ s= (1 .22 «) . tdn.^ (# :== settifcdtttiimfereface of H 
circle, rad.= 1). 

(2). ^ ta^T —r-i • 
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6. Transfonn the equation x^ — 5x^ + 8j? — 5 = into one 
whose roots aie the squares of the differences of every pair of roots : 
and show the mode of determining^ from the transformed equation^ 
the impossible roots in the original equation. 

7. From a bag containing four white and eight black balls> three 
persons {A, B, and C) take each a ball in tum^ viz. A firsts then B, 
then C, and so on in succession^ until the person^ who first draws a 
white ball^ wins. What are their respective chances ? 

8. In a spherical triangle, the two sides and the angle between 
them being given, find the base. 

9. The vertical angle of an isosceles spherical triangle is always 
greater than the angle included between the chords of the equal 
sides. 

10. Sum the folloil^ing series : 

(1). 2 + 6+12 + 20to» terms. 

(^^'i^ + rb + T^ + ToTTi'^^^''^^^ 

(3)* cos.^ -f i cos.2^ + i cos.3^ + &c. to n terms. 

11. Sum the series sin.f X sin.6 + sin.2f x sin.2d &c. to n 
terms ; and show that when n is infinite, the sum = whatever be 
the ratio of f to 0, except that of equality. 

12. A body attracted towards a centre by a force varying in* 
versely as the square of the distance from the centime, meets at a 
given point of its rectilinear descent with a plane inclined at an angle 
of 45^. Required the time from the beginning of motion to its 
reaching the centre. 

13. A cylindrical wheel, whose weight is P, unwinds itself from 
a string passing round its circumference, what weight {W) attached 
to the extremity of the string will be kept at rest on a plane of given 
elevation as P descends vertically ? 

14. A sphere and its circumscribing cylinder revolve round their 
common axis* Required the ratio of the momenta generated in a 
given time* ' , 

15. An homogeneous circular wheel vibrates edgeways, being 
suspended from a point in the circumference. Required its centre 
of oscillation. 
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16. Find the centre of gravity of the area included lyy the arc of 
a cydoid^ hy a tangent at the vertex^ and by two rectangular otdi* 
nates equi-distant from the vertex. 

n. In the common parabola the radius of curvature is equal to 
the cube of the normal divided by the square of the semi-parameter* 

18. Trace the curve whose equation is ^ = d: - 



ax -—a? 



and find the angles at which it cuts the line of the abscissae. 

19. is the centre of the circular arc ^B. OBT is the secant. 
The exterior part BT\a continually bisected in P. Required the 
area traced out by OP. 

20. Two balls> A and B, are previous to motion at a given dis- 
tance from each other in the same vertical line : from what height 
above the horizontal plane must A be let fall — so that B, which is 
perfectly elastic^ may^ after refiectiou^ meet il at a given distance 
above the plane? 

21. Two balls lying on a horizontal plane are connected by a 
string of unlimited length which passes through a ring in the plane. 
One of the balls is projected in a given direction with a given velo« 
city and draws the other towards the ring. Required the curve 
which the projected ball describes. 

22. Find the following fluents: 

— =7\* 

> *■ 

construct the fluent I — t> when a is less than 1 ; 



J z + 2flz« + 



z^ 



and the relation of :e to ^ in the equation 

23. In any curve referred to an axis^ the ordinate is a maximum 
or a minimum^ when in the equation y = fx, an odd number of dif- 
ferential coefficients becoming =: 0^ the diflerential coefficient of the 
succeeding order is negative or positive. And there is a point of 
contrary flexure when an even number of diflerential coefficients be- 
coming ss 0^ the difierei^ti^l coefj^ciei^t qf fhe s^cceedin^ qrder is 



iSi^ujil i« BBl]#?^A in s4ir§P^¥l l^trary to^^ agliqp ^t})§ fc^c^ 
with a certain velocity ; it is requif g^ tp f^^tpf^\t^ ^ lf^m& ftt 
apy point of the ascept^ the fesistf^ice heing supposed proportions to 
the square of the ve^ogity. Find also the greatest heigh| to whic}i 
the t)ody will ascends 



TRJl^ITY COLJ^EGE, }82q, 

I • I?f » Pl»ne tf uing^P t|i§ ypirjical angle^ |h|5 pf rpep^icplar, and 
the Fpptaffgle ^der tjip ^egfp^pU gf tlje hgse ^ipg gvep^ \^W.^ 

2, Solve the equation x^ — — -. +2 = 0, iwa »^|9l]#i||g 

pf ^))^ fprnj |i fp4 -. ^p^ fin4 tfee i}uipl)^r pf all fh^ pp^Ue ya}i}^ 
in integer numhers of x, y and z in the equation 

• 
3* What are the dimensions of t^)ig gt^pge^ ]rec^i|g)}l^r l^m, 
that can he made qpt of a given cylinder^ when placed to the most 
advantage ? {|p^ wl^at is its strength^ compared with that of the 
greatest square heam cut out of the «une cylinder i 

4. In the wheel and axle (tjie in§|r^ia pf ^hich may he neglected) 
required the ratio hetween the radii^ when a weight (*) aptipg at 
the circumference of the wheel generates in a given time the greatest 
momentum in a wei^t {W) a^ached tp thgi circumference of the 
axle. 

^ tan.^ft X tan.|c ^ fka.A 
^ 1 -f tan.Ji X tan.Jc X cos.-4^ 

^hprp ^, fi^ jipg 4 ^rg i|i« \m li^^fii m^ mM^ ftngflep qf ^ ^j^^ 

rical triangle. 



6. The excess of i)ie Sun's longitude above ilf right ascension 
may be found by ll^e i^l^tipn 

, ^ „ . . tan.«jT X sin.SL 
taa(L — R. A.) = r-- ^—. ^• 

7. Find an exprafsion from whipb the effect of pan^la^^ Mpon the 
horary angl^ may ba aocus^t^y palculated j the hoinaoiital paralkx^ 
thj po|j» dis^jftfig pf $b« ^€^¥Wll ^J^ W4 Jl^e tti»8 ljpf9f« pr after 
transit^ ^iflS t^^ P^lf given elements* 

8. If an orifice were opened half way to the centre of the earthy 
¥iW WmH te %e i|l(itQdfi pf ^e mm^^ IB § ^QiPStif at (he 
llPttfflw gf ij, wte9 the altim^g a{ tl^e lyrff ce i% %Q iRphej. 

9. A vessel fori^ed by the revolution of a parabola round its 
axis is placed with its v^tex downyrardsj iv\ w)iich ih^im is an ori- 
fice one inch ii^ diameter. A stseam of )vater runn into the vessel 
through a pipe ei two inches diame|ec at the unifonn v{ite of eight 
feet per second. WhaJ will feg |}it gpeate^t ftuanti^ f^ ^^tpx \a the 
vessel^ supposmg the l^ti^s rectum to b^ six fee( ? 

10. Fjpd the present worth qf tlje J^^mm pf ft fr8*Ql4 fi9tftta 
Hftef \\\p dgatfe of a person now sixty years of age^ t)ie v^tp pf interest 
being given ? 

} } : Wb^» a ir^y of ligfct pa§^^ qpt qf 9W W^WR Wl^P aw?*!!^'^* 
W H?P mi^^ 9f fflPi4enpe i^cr^^s^ fte aiigle qf 4eyi»|ipn al«p ip, 
creases. 

)?. To §p4 thq le^t ydocjty, vi^l} W^^cl^ ^ Ijo^y projected |t a 
IfiVPR ftflg|e ^ el^Yfitfop iviU jipt x^tur^ |9 thp p^rtli> 9qfface.T-rTQ 
find also the latus rectum of the orbit describ^d| ap^ t]}g pQ^j^iqi) of 
the axis. 

] 3. Supposing the Moon's orbit at present to be circular^ what 
would be the eccentricity of it and the periodic time> if the attraction 

of the earth were diminished - part ? 

n ^ 

14. Find the sum of the following series : 

(I). sm.{A) + aa.{A + B) + «ip.(4 f m ffc. qd ttyfij. 
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by the method of iacrements. 

15. Find the following fluents : 

(3.) / v^(fl* — a:*) X a:i, between the values a: = 0, and 
X cs a ; and solve the fluctional equation ,.. • = a. 

16. il and B put down equal stakes^— il has m chances of suc« 
cess^ and B^ n chances. There are, moreover^ p chances^ which en- 
title both parties to withdraw their stakes^ — to find the gain of A. 

17* Two equal weights are placed at a given distance from each 
other on a straight rod supposed to be without weight Find the 
point of suspension^ so that the pendulum may vibrate seconds. 

18. Construct the curve whose equation b 

(a — a;)«. (a + x) = a:«yS 
and shew whether there are anjr cusps. % 

19. In venire incrementum horarium aree>' quam luna> radio ad 
terram ducto^ in orbe circuiari describit. 

20. Let the force to a centre vary as the distance^ to find all the 
various curves^ along which a body may move^ so that its oscillations 
may be isochronous. 

21. ' Given the diameters of two planets^ and the periodic times 
and distances of their respective satellites ; compare their densities 
and quantities oi matter. 



TRINITY COLLEGE, 1827. 

1. State the difference between Geometrical Analysis and 
Synthesis, and give an example. Why are ordinary operations in 
algebra termed analytical f 

9* If (ii &i p b9 the fmglei which a X ^ UpoA a plfme^ drawn from 
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the o(>-ordinates^ makes 'with the three rectangular axes^ and if x, y, 
z be the co-ordinates of any point in the plane/ then 

.Mi X cos.a 4* y C0S.6 + z CDs.c == ^. 

3. Every equation of an odd number of dimensions has at least 
one possible root. 

4. What are the analytical and geometrical properties of the 
circle of curvature^ and in what manner are they deducible from each 
other ? 

5. If y = jF (z + xu) where u is a function of y, then 

dy dy 

dx dz 

6. Determine the locus of a J. upon the tangent of a curve 
whose equation is 

drawn from a point whose co-ordinates are V {cfi — 6^) and 0. 

7. If D be the observed angle between any two equals whose 
elevations or their sines are a and a' respectively^ and if 17 be the 
corresponding angle reduced to the horizon^ then 

8» A cylinder pierces a sphere^ its axis not passing through the 
centre : find^ from the requisite data> the volume which is cut out. 

9. 'The series 

sin.^ + sin.(i4 + 15)4- sin.(il + 2J5) + &c. 
is a recurring series : find its scale of relation^ and its sum to n 
terms. 

10. The moment of the resultant of two forces is the algebraical 
sum of the moments of the component forces. 

11. Explain fully the method of determining the accelerating 
force of P*s descent^ when P raises W over a single moveable pulley : 
the inertia of the pullies being taken into account. 

12. A given conical vessel filled with water> is placed with its 
base on a horizontal surface : compare the pressures on its base and 
sides with the weight of the fluid. 

s 



2S8 EXAMINATION PAPERS [TWlU^ 

13. The conjugate foci in a flpherical- reflects mo^e in the 
same direction upon its axis and coincide at the surface and centre. 

14. What is the Newtonian hjrpothesb to explain the nflecdon 
and refraction of light ? Shew in what manner the constant of the 
ratio of the shies of incidence and refraction may be deduced from 

15. To find the deviation of a transit instrument from the plane 
of the meridian by the observed superior and inferior transits of the 
same circumpolar star. 

16. Shew that the calculations of the beginning and duration 
of an eclipse of the Moon, of an eclipse of the Sun, of an occultation 
of a fixed star by the Moon or a planet^ and of the transit of Venus 
or Mercury over the Sun's disc, are, after proper modifications, re- 
ducible to the solution of the same problem. 

17. Compare the time of the Moon's falling to the Earth by the 
action of gravity, with her periodic time. 

18. When the force varies inversely as (dist.)' ; from the requi-t 
site data, find the path of a projectile, the velocity being less than 
that in a circle at the same distance. 

19. A particle is placed in the centre of a thin hemispherical 
shell, to every particle of which it is attracted by forces varying 
inversely as the square of its distance : determine the circumstances 
of its motion. 

20. Given the length of a degree of the meridian in a give^ 
latitude, with the length of a degree J. to the meridian at the same 
place, to find the ratio of the polar and equatorial diameters. 

21. Explain the physical causes of evection and variation of the 
Moon* 

22. What is the peculiar use and advantage of Mercator's pro- 
jection for the purposes of navigation. 

23. What would be the effect of the Moon's action upon the 
Earth, supposing she had no rotation round her axis ? Explain the 
change of this effect which is produced by her rotation* 
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TRINITY COLLEGE/^1827. 

1. What is the solid content of a cube whose edge is 6 feet 6 
inches. 



2. To construct a / 7 , which shall be equal to a given ^^^ 
and have an Z equal to a given Z* 

3. Those ^x\' are similar^ which have their sides about an equal' 
angle in each proportionals. 

4. Solve the equation 

36 12 

a:« + -^ - 2a; - -: = 3, 

5. Find integral values of x and y in the equation 

Tx 4- \9y = 73. 

6. Given two sides and the included angle of a plane >^ : in- 
vestigate and adapt to logarithmic computation the proper formula 
for finding the remaining side and angles. 

7. Define a differential^ and apply it to determine the differen- 
tial of a*. 

8. Investigate the relation between the power and the weight 
upon the inclined plane. 

9* In different ellipses round the same focus^ the periodic times 
are in the sesquiplicate ratio of the major axes. 

10. The volume of a sphere is f of its circumscribing cylinder. 



TRINITY COLLEGE, Sept. 1828. 

1 . Draw from the vertex of a triangle a straight line which 
shall be a mean proportional between the segments of the base. 

How many answers does this question admit of? 

2. Solve the equation a:^ + a: = 500, and find a root to two 
places of decimals. 

B 2 
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How many possible roots are there ? 

S. Find the centre of gravity of a frustum o^ a cone. Shew 
the position to which it tends as the ends tend to equality. 

4. If L describes about T areas proportional to the times^ I^ is 
acted upon by a force which tends to T. 

Explain particularly the case where T is in motion. 

5. If ^ a x^ in one curve and y o: x* in another, m being- 
greater than n, shew that the first curve always falls between .the 
other and its tangent in the immediate neighbourhood of the 
vertex. 

6. Corporis in data trajectoria parabolica moti^ in venire locum ad 
tempus assignatum. 

?• Shew how we may find by observation the place and time of 
the equinox. 

8. When a body descends in a fiuid^ find the greatest velocity 
which it can^ acquire. Hence knowing the rate at which a powder 
descends in a fluids find the size of its particles. 

9. A particle moves upon a given surface acted upon by no 
force. Determine its motion. What will be the path in the case of 
a cone? 

IX). By three observations of a solar spot determine the position 
of the Sun's axis of revolution. 

ir« If a ray diverging from the origin of co-ordinates x, y fallfr 
upon the curve> the distance to the point where it cuts the axis after 

reflexion will be = ?^l±MiPllI^. wherei, = J- 

''Ipx — (1 — p*)y dx 

12. In a triangle tiie continued product of the four radii of the 
circles of contact is equal to the square of the area of the triangle. 

13. Given the length of a curve^ to find its form that the centre 
o£ gravity may be the lowest possible. 
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TRINITY COLLEGE, Sept. 1828. 

1 . If a straight line falls on two parallel straight lines^ it makes 
the alternate angles equal to one another. 

What is the difficulty of proving this proposition satisfactorily? 
Mention any of the ways hy which mathematicians have endeavoured 
to get over this difficulty. 

2. Two points are taken on a wall and joined by a line which 
passes round a comer of the wall. This line is the shortest when its 
parts make equal angles with the edge at which the parts of the wall 
meet. 

3* Prove the formulae 

tan./ J ± — 1 = sec.il ± tan.il j 

2 tan.- » ^ + tan.- » ^r = -. 

4'. From the equation v = ,^~ — ? draw the curve. Find the 

1 4- a;3 

angle at which it cuts the axis, and whether the area from x s= to 

X = inf. is finite or infinite. 

5* If ^ = cos.a; prove that 



coB.tnx 



=:± ^fiiy l__/ys+&c.| (modd). 



What is in each case the last term and the number of terms ? 
Write down the expression fot cos.m«r in terms of y when m is 
fractionaL 

6. The equation ax^ — by^ -f ^cz = belongs to a curve surface. 
What is the nature of this surface ? In what direction is its con-r 
cavity ? Draw a normal to a given point of it. 
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7. Wlien three forces keep a body at rest^ wliat are the conditions 
which they fulfil ? 

Hence find the conditions for the equilibrium of the voussoirs of an 
arch. How are these affected by taking into account the friction of 
contiguous voussoirs ? 

8. A bowl filled with quicksilver is placed in an inverted position 
on a horizontal plane : what must be its weight that the fluid may 
not escape ? « 

If there be a portion of air above the iluid^ how will this afifect 
the answer ? 

9. Two inclined planes being at right angles^ a uniform straight 
beam rests between them. Shew that its middle point is highest 
when it makes with each plane an angle, equal to the indination of 
the other plane. 

10. A candle is placed before a convex lens at twice its focal *" 
distance. At what distance must a plane be placed to receive the 
image of the candle ? And what will be the form of the illuminated 
part at any other distance ? 

11. The equation of time is nothing four times in the year. 

12. S' is a fixed pointy P a point in a curve^ PT the tangent 
meeting a fixed line SA in T : to determine the curve from the 
property SP s= 7n X ST, What is the curve when m ax 1 ? 

IS. Find the path of a body projected with a given vebdty and 

acted on by a force which is as 7-7: — — • 

(dist.)' 

Why does Newton's method not give all the cases ? 

14. When P revolves about T, disturbed by S, the eccentricity 
of P's orbit increases from the time of its apsides being in quadra- 
tures to the time of the apsides being in syzygies. 

What is the name and nature of the inequality of the Moon's 
motion thus produced ? 

15. Four equal particles placed in ti straight line repel each other 
with forces var3ring inversely as any power of their distance. The 
two extreme ones being immoveable^ the two intermediate ones 
perform small oscillations in the straight line. Define their 
motion. 
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16. A pendulum which oscillates n times a day at the £arth's 
surface, is carried to a depth z below the surface^ and there gains t 
seconds a day. The radius of the earth being 1, shew that its mean 
density is 

3 



\ " nzj 



17. Find the difference of the asymptote and arc of an hyperbola 
when both are infinite. 

18. If a, b be the semi-axes of an ellipse revolving in its own 

a2 JL. 1,2 

plane, M its mass, and Mk its moment of inertia, k^^ss ^ 



* m» 



19. On a spheroid, if / be the latitude, x the angle at the centre, 

and m = rr-* we shall have 

«« + 6« 

l=:K — m sin.2x + — sin.4x — — - sin.6x, &c. 

20. A*s skill is to B*s as 2 ; 1 (m : n). A wants 6 {p) games 
to win and ,B wants 3 (q) : what are their chances respectively ? 

21. Find the Moon's variation. What is the orgumen^ of this 
inequality ? 

22. Explain and prove the principle of least action. 



TRINITY COLLEGE, 1830. 

1. The price of gold is £3 17^* lOl^d. an ounce, and a cubic 
inch weighs 10 ounces. What would be the cost of gilding the 
surface of England (a triangle of which the base and the per- 
pendicular are each 315 mOes} with gold '00019 of an inch 
thick. 

2. A sets off from Cambridge to London, and 2^ hours 
afterwards B starts from London to Cambridge: after 3 hours 
more they meet; and A reaches London 3| hours sooner than 
B reaches Cambridge. In what time does each perform the 
journey ? 
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3. Give those geometrical definitions which are used in the proof 
of propositions. What other definitions would he requisite to super- 
sede the axioms entirely ? Prove Euclid, I. 4 ; and explain why the 
corresponding proposition concerning spherical triangles cannot be 
proved in the same manner ? 

4*. While sailing S.W. I observe two ships at anchot^ one at 
N.N.W. and the other at W.N.W. After running 5 miles these 
ships are seen at N. by W. and N.W. respectively. Required their 
bearing and distance from each other ? 

5. A pyramid has for its base an equilateral triangle of which 
each side is 1 foot> and its slant edge is 3 feet. Required the angles 
which its faces make with each other. 

6. A weight slides on a string which is without inertia^ and has 
its extremities fixed : (1) find the position of rest when there is no 
friction : (2) find the friction requisite to sustain the weight in any 
other position : (3) when the weight slides freely, find the equations 
of motion. 

7. Show that the centre of pressure of a plane coincides with its 
centre of percussion : the axis of motion being the intersection of the 
plane with the surface of the fluid. 

8. Find the focus of a refracting sphere, the index of refraction 
being 1*9. The diameter of the sphere being ^ of an inch, 
what is the breadth of lines which through it appears like lines 
of -^ of an inch breadth seen with the naked eye at 10 
inches ? 

9. What is the use of observations of known stars made with a 
transit instrument : and the manner of making theni ? Prove the 
following formula for finding the deviation of a transit instrument 
from the meridian by means of a high and a low star : 

^ . C0S.5 cos.y 

(t — /) 



COS./ 8in.($ — y) 



In which r is the true difference of right ascension, and i the ob- 
served difference ; $, ^, / the declinations and latitude. Why are a 
high and low star selected } 



COS. 
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10. Prove the following theorem ; if y = 2 cos.x, 

according as «t is even or odd. 

Also give and prove the formula when m is fractional. 

11. Find the evolute of the common parahola> and show where 
it cuts the original curve. 

12. In the equation 

T— r«' 

when e is less than I, trace the curve, and find its area from 

ar = to a; = 1 . 

13. Let ABC be a spherical triangle^ in which Cand c are con- 

stant : and let e = :: Then prove 

^n.c 

da ^ db . 

^(l -e«sin.«a) "" ^/(l - e« sin.26) ' 

and show that the integral of this equation is 

cos.fl C0S.6 + \/(l — ^^ sin.^c) sin.a sin.5 = cos.c. 

14. '' All the particles of matter gravitate to each other with 
forces which are inversely as the square of the distance." State the 
steps by which Newton establishes this proposition, and their 
connection. 

15. When a small pencil of rays is refracted obliquely at a 
spherical surface, find the primary and secondary focal lines ; and 
explain why they do not coincide. 

16. Having given the weight and velocity of a hammer with 
which a nail is driven into a piece of wood by one blow, find the 
force requisite to draw it out : the resistance being supposed equal 
both ways. 

17. If a fluid move steadily (i. e. so that the motion in the same 
parts of space is always the same) prove that 

p-p, =P^ JK— «A 
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p being the pressure at any pcmit where the velodtj is v ; j^^ the 
pressure at a point of the surface^ and v^ the velocity of a particle 
there ; and P being the pressure produced by the same forces in a 
fluid at rest : the density being 1. 

18. What is meant by a developable surface? Investigate its 
analytical property. 

19. State the optical theories of emanation and of undulation. 
What facts will both explain, and what one only ? What is the 
principle of interferences, and how does it account for the fringes 
which accompany the shadows of minute bodies ? 

20. Prove the equation of the Moon's motion, 

PT du 
d^u tt« u^ dB ^ 



'L^ 



What is the next step in the investigation ? 

21. In planets which are oblate by their revolution, the ellip- 
ticity varies inversely as the density X the square of the time of 
revolution. 

22. A's skill is to ^s as 3 : 2 ; A wants 3 games, B wants 2 ; 
what B,fe their respective chances of winning ? 

23. The places of the stars are to be represented by projecting 
them as they appear to an eye at the centre, on a cube circumscribing 
the sphere. Give the formuls for the place of any star. 



THE END. 



T.C. Hnnwrd, Printer, ii, Pmernorter Row> London. 
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